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"Medicine is a social science, ......... " - Rudolph Virchow 
In the industrialised world, injury accounts for an increasingly large 
proportion of the burden upon curative and rehabilitative services. 
This is only partially due to an apparent increase in the rates of both 
intentional and unintentional injury. It more accurately reflects the 
success of improved quality of life and public health in reducing 
morbidity and mortality due to disease. This growing burden of injury 
and violence on the health care system is also to some extent 
reflected in the limited information from the developing world, where 
control of infectious disease has resulted in an increase in the 
proportion of disability and mortality due to injury. In South Africa, 
violence and injury is presently a leading cause of death and 
morbidity, leaving permanent physical and emotional scars in all 
sectors of society. This is of concern, when considering the prospect 
that demographic changes associated with greater urbanisation are 
likely to be associated with rising levels of interpersonal violence and 
unintentional injury. 
It is against this backdrop that a selection of published works is 
presented, designed to focus on the role of the forensic pathologist in 
improving community safety. The aim is to transcend the purely 
legalistic framework within which the forensic pathologist is portrayed 
and highlight a broad range of areas where a contribution can be 
made to the creation of a safe and healthy society . 
.. 
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Traumatic Transection 
An Unusual Fatal Pedestrian Injury 
Leonard B. Lerer, M.B., Ch.B., DForMed and 
Massimo B. Volpe, M.Sc. 
Speed, alcohol, and pedestrian injuries constitute dis-
turbing components of the spectrum of trauma in the 
developing world. The complete fatal transection of a 
pedestrian, at the level of the lower abdomen, by an 
oncoming automobile traveling at high speed is des-
cribed. The upper torso was found inside the vehicle, 
whereas the lower torso was projected some distance 
ahead, onto the highway. An accident analysis, in order 
to ascertain the speed of the automobile, is demonstrated 
and the biodynamic mechanisms of this injury are dis-
cussed. The nature of this injury is compared with that 
of traumatic hemipelvectomy following which survival 
has been reported. 
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Pedestrian injuries are a disturbing feature of 
trauma epidemiology in the developing world (1-
3). In 1986, 46% of all traffic fatalities in South 
Africa were pedestrians and mortality in this single 
largest group of road users remains a source of se-
vere economic and emotional hardship (4). The 
presence of unfenced and poorly lit highways close 
to densely populated areas and the lack of adequate 
sidewalk facilities in areas of high traffic density 
exacerbate the problem. The fatality described oc-
curr~d on an expressway where 99 accidents were 
reported in 1989 (5). 
ACCIDENT DESCRIPTIO~ 
On a Saturday at approximately 21:00 hours, an 
automobile struck a pedestrian on Vanguard Drive, 
a lit double-laned tarred highway in Cape Town. 
The weather was good and the road was dry. Par-
allel skid marks were present before the point of 
impact and, after hitting the pedestrian, the vehicle 
crossed a grass-and-sand island embankment and 
proceeded across the oncoming double-laned high-
way, striking a steel traffic barrier. The lower torso 
of the pedestrian was found some distance ahead 
of the point of impact. The upper torso was found 
in the vehicle on the front passenger side. The ve-
hicle, a white, four-door, 1982 Ford Cortina XR6, 
appeared to have been in good condition prior to 
the accident. It was found agains: the steel traffic 
barrier with extensive damage to its front, which 
included crushing and backward buckling of the 
structures in the engine compartment. The body-
work was buckled backward, mainly on the driver's 
side. The windshield was broken and there was some 
damage to the roof. There was severe damage to 
the steering mechanism and suspension. The front 
wheels were damaged and the right front tire was 
deflated. Bloodstains were observed in the engine 
compartment and on the roof (Fig. 1). 
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FIG. 1. Passenger-side view of the automobile. Shattered 
windscreen and buckled front bodywork with damage to 
the engine compartment. It is suggested that most of the 
damage to the driver's side of the automobile was due to 
the collision with the steel traffic barrier. 
POSTI\10RTEM FINDINGS 
The body was presented for autopsy examination 
in two parts, having been transected at the level of 
the third and fourth lumbar vertebrae.· The body 
length, after approximation of the two portions, was 
165 cm and the mass was 65 kg. The face, arms, 
hands, thighs, knees, and legs had multiple abra-
sions and lacerations. The left lower tibia and fibu:Ia 
had compound fractures. Examination of the intra-
cranial contents revealed subarachnoid hemorrhage 
of both occipital poles. The lower cervical and up-
per thoracic vertebrae were fractured. The thoracic 
cage had multiple rib fractures and the diaphragm 
was ruptured. The lungs were extensively lacer-
ated. The liver, attached to the upper torso, was 
intact. The intestines and mesentery were exten-
sivelv lacerated. The aorta and the left kidney were 
lacer;ted (Figs. 2-4). The postmortem blood al-
cohol level was 0.25 g per 100 ml. 
FIG. 2. The transected body with approximation of the 
upper and lower torso. The facial injuries are illustrated. 
Am J Forensic Med Pathol, VoL 13, No. 3, 1992 
ACCIDENT ANALYSIS 
The combination of careful evaluation of the 
findinas at the scene of the accident, the vehicle, :::;, 
and the postmortem examination can provide a ba-
sis for understanding the mechanisms of injury (6, 7). 
In this case, it can be reasonably assumed that the 
vehicle struck the pedestrian with considerable force 
and in such a manner as to cause a traumatic tran-
section and projection of the lower torso. The brakes 
were continually applied from point A until the ve-
hicle struck the island embankment at point B (Fig. 
5). The pedestrian was struck some unknown dis-
tance before the vehicle hit the island embankment. 
It is likely that the lower leg was caught and tem-
porarily fixed and at the same time the lower torso 
was in relatively prolonged contact with the front 
of the vehicle. An area of shearing force occurred 
between the relatively fixed lower and mobile upper 
torso. The lower torso was projected from the ve-
hicle and landed at point C (Fig. 5). The vehicle 
containing the upper to~so continued to move at an 
angle to the road and came to rest a: a point D (Fig. 
5) after striking the traffic barrier. It is difficult to 
determine the extent that the vehicle was slowed 
by its collision with the island embankment. We 
have attempted to calculate the speed of the vehicle 
at the moment of impact. The following data were 
used in the accident analysis: 
The gravitational acceleration g = 9.8 ms- 2• 
Coefficient of friction between tar and rubber µ, = 
0.8. Mass of lower torso m1 = 35 kg. Mass of 
upper torso m 1 = 30 kg. Mass of vehicle me = 
1200 kg. Horizontal projected distance of lower torso 
s0c = 99 m. Distance of brake application s = 
1 + 46 = 47 m. Distance traveled foliowing the col-
lision s0d = 126 m. An assessment of the extent 
of damage to the front of the vehicle indicated that 
the velocity of impact with the barrier was vc = 
11-14 ms- 1 • We can also assume that the pedes-
trian was stationary with respect to the motion of 
the vehicle prior to the collision. 
The trajectory equation provides the vertical dis-
tance y of the body at any horizontal distance x: 
gx2 
v = x tan a - -(l + tan: a) - 2u1 
where a is the initial angle of projection and u1 is 
the velocity of the lower torso immediately after 
the collision. At the distance x = s0c the vertical 
distance y is zero and hence 
~ ~ 
gs;c ~ gsbc 
-~ tan- a - s O tan a + -~ = 0 2u/ C 2uj 
(1) 
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ity u1 of the lower torso as the angle of projection 
was unknown. We, however, calculated the mini-
mal initial velocity at which the lower body was 
projected by noting that for optimal projection a: 
= 45°, substitution of this value into Eq. 1 gives 
(2) 
\19.8 x 99 = 31 ms- 1 
Hence the speed of the lower body immediately 
after the collision was > 112 kmh- 1 • 
From the equations of motion for constant ac-
celeration, velocity uc of the vehicle immediately 
after the collision is given by 
(3) 
=? Uc = \iv~ + 2dsbd 
where d > 0 is the deceleration of the vehicle ( due 
to rolling resistance, braking, and so on). 
By conservation of momentum, we have 
momentum .. 
b f 11
. . = momentum after coll1s1on 
e ore co 1s10n ( 4) 
=? mcv COS 13° = m1U1 COS 28° + (me + m1)uc 
=? V = m1ll1 COS 28° + (me + mi)uc 
me cos 13° 
where v is the velocity of the vehicle immediately 
prior to the collision . 
From the equations of motion for constant ac-
celeration, the velocity u of the vehicle immediately 
prior to brake application is given by 
v2 = u2 - 2asab (5) 
where a: > 0 
FIG. 3. The transected lower torso indicating the lacerated 
viscera and the anterior thoracic cage with minimal evi-
dence of external injury . 
FIG. 4. The transected lower torso with evidence of the 
fracture of the right femur and the left tibula and fibula. 
Multiple abrasions and lacerations are present. 
The deceleration a: caused by the resistive force of 
the brakes can be calculated using the second law 
of Newton: 
mi;Cl = µ, x weight of vehicle 
= µ.mcg (6) 
=? a = µ,g = 7.9 ms- 2 
Substitution of Eqs. 3 and 4 into Eq. 5 gives 
and, hence, from Eqs. 3 and 6, 
u> ((958 7" 1230Vv;+ 252d)2 -~-)112 _1 
- 1367132 + 1., 1 ms 
The velocity u of the vehicle before braking de-
pends on the values chosen for the barrier impact 
velocity ve and the deceleration d. A realistic value 
for the deceleration would be d = 2 rns- 2 • Using 
this value with the range of the barrier impact ve-
locity given in the initial data, the speed of the 
vehicle before brake application was estimated to 
be 138-141 kmh- 1• 
DISCUSSION 
Traumatic transection is an injury involving the 
application of substantial force to the body. A case 
had been described of transection by a highway sign 
stanchion in vehicular suicide (8). The basis of the 
injury is a shearing strain that occurs when oppos-
ing forces act across a tissue and exceed its limit 
of resistance (9). In the case of brain and viscera, 
the differential in motion causes a shear strain and 
injury at the interface between the different tissue 
densities. As a general principle, the body's toler-
ance to a shear strain has an inverse relationship to 
the force applied (10). Factors affecting the body's 
dynamic tolerance include the length of time of ex-
Am J Forensic Med Pathol, Vol 13, No. 3, 1992 
-
-
246 L. B. LERER A1'.'D M. B. VOLPE 
FIG. 5. Schematic illustration of the accident. A rep-
resents the point where the vehicle began to apply its 
brakes. B represents the point of collision with the pe-
destrian. C represents the point where the lower torso was 
found. D represents where the vehicle, containing the up-
per torso, struck the steel traffic barrier. 
posure to a force, the nature and duration of the 
force, the direction in which the force is applied, 
the nature of the surface in contact with the body, 
and the dynamics of the body at the time of impact 
(11). 
Multiple injuries are a common finding in pe-
destrian fatalities. The combination of head, chest, 
pelvic, and lower limb injuries are consistent with 
the mechanism of injury. Pelvic injuries occur mainly 
in the severely injured pedestrian and are generally 
associated with a poor outcome (12,13). Multiplic-
ity of injuries in itself is not the major factor in 
early pedestrian deaths and survival is related to 
rapid access to specialized trauma care and, in ttie 
case of the severely injured pedestrian, aggressive 
resuscitation and prehospital stabilization increase 
the probability of survival (14,15). 
A number of cases have been reported of trau-
matic hemipelvectomy involving pedestrians struck 
at high speed by oncoming motor vehicles (16-22). 
The shearing avulsion of a limb and its hemipelvis 
appears to have a similar mechanism to the injuries 
we have described. In some cases the avulsed seg-
ment was located a distance from the victim. Pos-
tulated mechanisms of traumatic hemipelvectomy 
include entanglement and literal tearing off of the 
limb and hemipelvis from a stationary victim. Tnis 
includes pedestrians caught in the wheel of an on-
coming vehicle and in agricultural or industrial ac-
cidents. The second mechanism is associated mainly 
with motorcyclists and bicyclists and involves ab-
duction and external rotation of the limb with dis-
ruption of the pelvic joints (21 ). The third mechanism 
constitutes a crush injury with disruption of the pel-
vis. These cases occur when the victim is trapped 
beneath a heavy object or machinery (16,23). A 
similar mechanism of injury to that of the traumatic 
transection has been demonstrated when a high-speed 
shearing hemipelvectomy occurs due to contact with 
a relatively sharp surface (22). Traumatic hemipel-
Am J Forensic Med Pathol, Vol. 13, No. 3, 1992 
vectomy remains a complex and rare injury often 
associated with major trauma (19,20). Patients are 
in a state of profound shock due to hemorrhage 
from the major pelvic vessels. This hemorrhage often 
stops spontaneously, but the injury requires rapid 
specialized trauma care. Treatment includes vig-
orous resuscitation, staged surgical repair, and at-
tempts to restore the integrity of the colon, 
genitourinary system, and anorectum. Large-scale 
reconstructive surgery is required. Rehabilitation and 
the psychological trauma of a devastating injury 
complicate the recovery period. A number of cases 
of successful rehabilitation have been recorded 
(16,17). 
Alcohol affects human impact tolerance and this 
is reflected in the correlation between injury sever-
ity and blood alcohol levels (24,25). The blood al-
cohol found in the victim would have been associated 
with a moderate to heavy degree of intoxication at 
the time of the accident. The effects would include 
poor judgment, slowed reaction time, and a loss of 
dexterity. Alcohol alters hemodynamic responses to 
trauma and its potentiating effect at the central ner-
vous system level may in itself contribute to in-
creased injury severity (26-28). 
CONCLUSION 
This case demonstrates the destructive power of 
the motor vehicle and the dangers of high speed 
and alcohol. Insight into the circumstances and 
mechanisms of injury may provide some basis for 
attention to preventable aspects. Although changes 
in the design of vehicle bumpers may reduce the 
severity of pedestrian trauma, the main factor in 
injury dynamics would appear to be the speed of 
the vehicle and the physical difference between a 
motor vehicle and a pedestrian (29,30). Reduction 
of the speed limit has been associated with a de-
crease in the severity and frequency of traffic ac-
cidents and speed remains an important determinant 
of outcome (31-33). The role of alcohol in traffic 
accidents and the vulnerability of pedestrians with 
high blood alcohol levels has been documented 
(34,35). 
In attempting to address the problem of speed 
and alcohol, strict law enforcement and severe pun-
ishment play an equivocal role (36). Real preven-
tion involves a deep-seated awareness that trauma 
is a major source of morbidity and mortality and 
an unnecessary drain on already overburdened health 
and social resources. Perhaps the most important 
factor lies in the education of a new generation of 
drivers so that a healthy society avoids the excesses 
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Summary 
Little is known about the complex circumstances culminating in the homicidal death of a woman. 
The records of 248 female homicides and suicides admitted to the Salt River State Mortuary between 
January 1990 and July 1991 were reviewed with specific attention to mode of death and blood alcohol 
concentration (BAC). Female homicide levels reflected the intensity of violence in specific residential 
areas. White females were far more likely to die a suicidal. as opposed to homicidal, death (Odds 
Ratio = 31.94: 95% Confidence Interval, 11.63- 90.24). Blunt homicide predominated amongst 
White females. who were substantially older than the Coloured and African subjects. A BAC greater 
than 0.1 g per 100 ml was found in 56% of all female homicides studied. An association was found 
between increasing BAC and sharp homicide amongst women. A high BAC may represent a self-
destructive element in a risk-taking situation amongst female homicide victims. 
Key words: Female homicide; Alcohol; Self-destructive behaviour; Alcohol and violence 
Introduction 
Homicide rates have been increasing in the United States since the early 1980s 
[l]. Inadequacies in mortality reporting, lack of accurate population statistics 
and misclassification of cause of death has hampered the investigation of this 
form of non-natural mortality in the developing world [2]. The hypothesis of a 
suicidal component in the behaviour of homicide victims remains difficult to 
validate and alcohol features constantly in the violent interactions culminating 
in homicide [3,4]. The role of alcohol as a central nervous system depressant. its 
disinhibitory effect and the socio-cultural aspect of alcohol-related violence com-
plicate research in this area [5- 7]. Alcohol-related violence, concentrated in 
areas of overcrowding and disadvantage, overloads emergency facilities [8]. 
Women in the rapidly urbanising developing world and inner-city America share 
similar multiple burdens of racial, social and sexual oppression [9.10]. 
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School, University of Cape Town. Observatory, 7925, South Africa. 
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The ignoble reputation of Cape Town as a 'crime capital of the world' has deep 
roots in the massive resettlement of established Coloured communities to the 
wastelands of the Cape Flats and African migration to informal settlements on 
the urban periphery [11]. Pervasive and interminable violence is regarded as an 
omnipresent part of South African life. This phenomenon is described by Malan 
as 'a third category of resonant killing for which I had no theory at all' [12]. 
This paper attempts to describe female homicide in Cape Town, its relationship 
with sex, race, age, female suicide and blood alcohol concentration. 
Subjects and Methods 
The population of metropolitan Cape Town is expected to exceed three million 
by the mid-1990s. Despite reported improvements in law enforcement, almost all 
of the at least 1500 homicides in 1990 occurred in Coloured and African areas 
[13]. A statutory requirement exists for all non-natural deaths (including suicides 
and homicides) to be subjected to a medico-legal postmortem examination [14]. 
Deaths which require autopsies are admitted to the Salt River State Mortuary 
which processes over 90% of the non-natural deaths in metropolitan Cape Town. 
Femoral vein blood removed at autopsy from all adults. excluding those who 
have a prolonged hospital admission, is analysed at the State Chemical 
Laboratories for blood alcohol concentration (BAC). This result is recorded in 
grams per 100 ml of blood (g/100 ml). 
The records of all homicides and suicides over the age of 15 years. occurring 
in 1990, were extracted from the Death Register of the Salt River State Mor-
tuary. This was done in ord~r to provide comparative data by race and sex for 
a 1-year period. An in-depth analysis of female homicide was then undertaken 
for an 18-month period commencing January 1st, 1990 using the Death Register. 
post mortem and blood alcohol. 
All women over the age of 15 years regarded as victims of homicidal violence 
or suicide in the police reports were included in the study. The method of 
homicide or suicide was ascertained from the police and autopsy record. Whilst 
specific suicidal methods were described. the homicides were divided into sharp. 
blunt and firearm groups. Sharp homicide included death due to stabbing or cut-
ting, blunt homicide described death due to the application of blunt force (in-
cluding beating or strangulation) and firearm homicide included death due to 
handguns, rifles or shotguns. The Death Register provided race and age informa-
tion. \Vhere possible, this data included confirmation from the identification 
document of the deceased. A single unidentified decomposed female homicide 
was excluded from the study. 
Summary statistics were calculated for homicide and suicide admissions of 
both sexes for 1990. Female homicides and suicides were then described in fur-
ther detail for the study period (January 1st, 1990 to June 30th, 1991). It is 
perhaps inappropriate to study the disturbing differences in the non-natural 
death rates of the various population groups without in-depth review of the role 
of various forces in the structure of violence in South Africa. Statistical analysis 





HOMICIDES AND Sl'ICIDES ADMITTED TO THE SALT RIVER MORTCARY BY RACE AND 
SEX. 1990 
Homicide Suicide 
Male Female Total Female /o/o/ Male Fenzal, Total Fenwle /%/ 
·w'hite 18 8 26 31 92 13 105 12 
Coloured 523 107 630 17 28 4 32 13 
African 607 57 664 9 12 13 8 
Total 1148 172 1320 13 132 18 150 12 
[15.16]. An Odds Ratio (OR) and 95% confidence interYal (CI) were used to 
assess the relationship between race, homicidal or suicidal death and type of 
homicide. The median ages of the homicide and suicide groups were calculated 
and races were compared using non-parametric statistics. Stratification was 
done for race, homicide type or suicide, conditioned on a BAC. A Chi-Square 
statistic for trend was used to provide a summary measure of association 
between BAC and homicide type (sharp or blunt). 
Results 
African and Coloured homicides constituted 98% (1294 out of 1320) of the 1990 
sample, whereas Whites formed 70~o /105 out of 150) of all suicides for the same 
period. Whilst female homicide and suicide constituted only a small proportion 
of the 1990 total (13% and 12%, respectively), White women formed almost a 
third (31 %) of the homicidal deaths in this population group (Table lJ. 
During the 18-month study period. 72% (23 out of 321 of female suicide:: were 
White. \Vhite women (as compared to Coloured and African women combined) 
were more likely to die a suicidal. as opposed to homicidal. death (OR = 31.94: 
TABLE 2 
FEMALE HOMICIDES AND Sl'ICIDES ADMITTED TO THE SALT RIVER MORTCARY BY 
RACE AND TYPE OF DEATH, JANL'ARY 1st. 1990 - JL'NE 30tr. 1991 
Sharp Biunl Firearn, Suicidr 
homicidc homicide homicidr 
White 2 12 2 23 
Coloured 64 59 4 7 
African 40 2(i 13 2 




FEMALE Sl:ICIDES BY METHOD AND RACE, JANUARY 1st, 1990 - JUNE 30th. 1991 
White Coloured African 
Firearm 5 1 
Hanging 2 1 






Total 23 7 2 
95% CI, 11.63- 90.24). Differences in female homicide types included a large 
number of firearm deaths in the African group and an increased likelihood of 
blunt homicidal death amongst White females (all female homicides excluding 
firearms, OR = 7.9; 95% CI, 1.61- 52.69) (Table 2). 
Median ages of the female homicides were 29.5 years for Africans, 35 for Col-
oureds and 63 for 'Whites. A significant difference in median age of suicidal death 
existed between the White and combined Coloured and African groups with the 
median age of Whites being 59 years compared to 29.5 years for Coloureds and 
Africans (Wilcoxon, Chi-Square = 3.95, F < 0.05). 
Drug overdose was the me.thod of choice in 34% (11 out of 32) of the suicides. 
Firearms were used in 22% (5 out of 23) of the White suicides (Table 3). 
It was possible to obtain BAC in 214 cases and these levels are presented in 
Table 4. An elevated BAC ( > 0.00 g/100 ml) was present in 76% (76 out of 100) 
of the sharp homicides and 56% (40 out of 72) of the blunt homicides. Only 12% 
(3 out of 25) of the suicides had an elevated BAC. Stratification by BAC showed 
an increased risk of a sharp as compared to blunt homicidal death with rising 
BAC (Chi-Square = 16.66, P = 0.02). 
TABLE 4 
FEMALE HOMICIDES AND S'CICIDES BY RECORDED BLOOD ALCOHOL CONCENTRA-
TIOK (BAC) AND TYPE OF DEATH. JANUARY 1st. 1990 - JUNE 30th. 1991. 
S. sharp homicide; B, blunt homicide; F. firearm homicide; Sl', suicicie. 
BAG (g.1100 ml! White Coloured African 
s B F SU s B F S[: s B F S[: 
0.00 1 10 2 19 8 17 3 2 15 5 10 1 
0.01-0.09 0 1 0 1 j 1 0 2 0 0 0 
0.10-0.19 0 0 0 0 12 12 0 0 2 5 1 0 
0.20-0.29 1 0 0 1 30 10 0 1 11 4 0 0 





This paper provides some perspective on the characteristics of female homicide 
in Cape Town. The magnitude of violence in the Coloured and African popula-
tions should be a source of concern and although this paper is mainly descriptive 
in nature findings of this nature should at least precipitate consideration of in-
tervention measures at a community level. This study is limited to fatal cases of 
violence and suicide. This represents a small proportion of a spectrum of minor 
to life-threatening injuries. Butchart's study of non-fatal trauma in Johan-
nesburg showed that over 50% of injuries were as a result of inter-personal 
violence and often, in the case of women, at the hands of spouses and lovers [17]. 
Traditional distinctions between various types of homicide appear to be dif-
ficult to confirm in Cape Town. High levels of penetrating incised wound (sharp 
violence) would appear to be unusual in the context of domestic violence where 
blunt force (spouse or lover 'battering') would be expected to predominate 
[10,18]. Reasons for high levels of sharp homicide, especially in the Coloured 
population, could include Zimr:ing's theory of the effect of instrumentality as ex-
plained by Barlow and Barlow [19]. Knives are easily accessible and constitute 
a large component of inter-personal violence in areas of overcrowding and pover-
ty. Death may not be the intended outcome of a knife assault and may be poten-
tially avoidable. Access to firearms in the African community has led to 
increased homicides due to gunshot wounds. ¥l'nilst a finding of this nature 
should be viewed \\ith the utmost circumspection in the light of reported political 
and factional violence, some anecdotal reports indicate that many of the deaths 
recorded in this study were as a result of inter-personal disputes or domestic 
violence [20]. Increasing firearm homicide 1'!-nd suicidal use of firearms should 
pro\ide a firm basis for the advocacy of strict gun control legislation as sufficient 
evidence exists as to the efficacy of this strategy in the District of Columbia in 
the l'nited States [21]. 
Perhaps the most disturbing aspect of this study is the finding that over three-
quarters of the female sharp and over half the female blunt homicides had an 
elevated BAC. It is unlikely that this is an artefactual finding relating to decom-
position, as the vast majority of the BAC levels recorded were greater than 0.1 
g/100 ml. Little appears to have changed since le Roux and Smith's 1962 descrip-
tion of high BAC levels in the Cape Peninsula's homicide victims [22]. Elevated 
BAC levels in sharp homicide victims has been previously documented [4]. 
E\idence exists from police records and intenriews with offenders that alcohol 
may play an important role in the precipitation of a homicidal attack due to the 
beha\iour of both an intoxicated victim and assailant [23]. A substantial propor-
tion of female sharp and blunt homicide victims (44%) were heavily intoxicated 
(BAC greater than 0.2 g/100 ml) at the time of death. 
The extent to which the high BAC of a female in a dangerous environment 
represents self-destructive behaviour is controversial. A victim precipitated 
homicidal attack may, to varying extents. represent the suicidal desires of the 
particular victim [3, 7]. A broader analysis would concentrate on incidents of this 
nature representing destructive components of society as a whole . 
98 
Acute alcohol intoxication does not appear to play a major role in suicide 
amongst women in Cape Town. A distinct limitation of this study is the absence 
of data on alcohol abuse amongst the suicides studied. The corresponding 
substantial difference between the age at death of White, as compared to African 
and Coloured homicides and suicides, should perhaps be studied further. White 
homicides are usually elderly robbery victims who die as a result of assault or 
strangulation. The two White firearm homicides were associated with a family 
murder and the subsequent suicide of a husband. The social circumstances sur-
rounding a homicidal attack may explain the difference in ages between the 
groups. 
Very little is known about women's perceptions of violence and study in this 
area could form the basis for preventive strategies. Examination of qualitative 
narrative data (Butchart and Terre Blanche, Lerer and Butchart - unpublished 
data) reveals substantial differences between descriptions of imaginary attacks 
and the realities of fatal and non-fatal violence. Alcohol and inter-personal 
violence did not feature strongly in the narratives studied, whereas many of the 
women interviewed reflected commuter-related anxiety and fear of robbery. 
Data from this study seems to indicate that female homicide often occurs at the 
hands of assailants known to the victim. The violent death of a woman may 
represent entrapment by circumstance and the 'social lottery' which results in 
potentially self destructive behaviaur, often involving alcohol and a dangerous 
environment [24]. 
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Abstract 
Study objective-The study aimed to improve 
mortality data by finding ways of reducing the 
large number of deaths certified as being from 
"ill-defined" causes (ICD 780-798) in South 
Africa. This problem is attributable to the 
absence of cause of death information in many 
cases where the police issue the death certi-
ficate. 
Design and setting-A total of600 consecutive 
death certification records at the Salt River 
State Mortuary, Cape Town were reviewed. 
Measurenients and 1nain results-Altogether 
347 (58%) deaths were from unnatural causes, 
111 (18%) were certified by a doctor, 83 (14%) 
were certified as being the result of natural 
causes after a necropsy, and 59 (10%) were 
certified by the police as being from natural 
causes. Analysis of sworn statements obtained 
from the next of kin of all those certified dead 
by the police rather than a doctor provided a 
clear cause of death in 72 ·9%, and a history of 
recent contact with health senices (less than 
one week previously) in 47·5%. All infants 
certified dead by the police had a history 
consistent with diarrhoeal disease. 
Conclusions-The method of death certi-
fication may be an indicator of access to 
health care and reviewing sworn statements to 
determine the cause of death should improve 
the quality of mortality data in the developing 
world. 
_7 Enld,"IJIIO.' CollZIJ/1/IW\ H2;1./zi: 1093: 4-, ~4f:-250 
.\lonality statistics are an imponam indicator of 
health status 1 and their critical examination is \"ital 
for the de\'elopment of an accurate information 
system-the foundation of essential national heaith 
research.: A substantial proportion of deaths in 
South Africa are classified as "ill-defined'': this 
consmured the leading cause of death in the black 
African population in 1986.' The extent of under-
registration and the poor qualitY of the data for 
most South Afncans caused leading researchers ro 
describe African monality statistics as '·a black 
hole .. _.; Deaths a, a result of uncenain causes are 
recorded as ''ill-defined'' (International Classi-
fication of Disease (ICD) 780-798) 5 by the Central 
Statistical Services (the government agency 
responsible for the production of national monality 
statistics'; with consequent deleterious results. In 
Pon Elizabeth. a study of deaths from ill-defined 
causes concluded that the root of the problem lay in 
the high proportion of deaths certified by a police 
officer instead of a doctor.'' 
A study was undertaken in merropolitan Cape 
Town to im·estigate funher death cenification by 
the police and ro determine the utility of sworn 
statements obtained from the next of kin in pro-
viding information about access to health care and 
the cause of death. 
Methods 
Death cenificates are usually issued by a medical 
practitioner. \Xnere the deceased ciid not have a 
regular medical attendant or where it is impossible 
to issue a certificate stating that death was from 
natural causes, however, the body is transferred to a 
state mortuary where a necropsy may be per-
formed. If the necropsy confirms a natural cause of 
death, an autopsy cenificate is issued with a cause 
of death (where ascertainable) given. An in\·estigat-
ing police officer may, however. issue a cenificate 
stating that to the best of his kno\,·ledge and belief 
and based on a sworn statemem from a relative of 
the deceased. the death was soie]y and exclusi\'elY 
the result of natural causes. In these cases, no 
necropsy is performed. death cenificates contain no 
information on the medical hisror\· or cause of 
death, and the deaths are classified as being the 
result of '"ill-defined'' causes. Ir. South Africa a 
death must be registered before documentation for 
bunal or cremation can be obtained. Police death 
cenification \,·as introduced to reduce the hardship 
suffered by the deceased's family, who often had 
problems in obtaining medical practitioner death 
certificates, especially in rural areas. 
The remm·al of established coloured commu-
nities to the Cape Flats. and the influx of :\frican 
settlement to informal areas on the periphery of the 
city since the mid-l 980s have been imponant 
en:nts in the social history of metropolitan Cape 
Town. - Inequalnies in access w health care are 
large]\· based on the system of apartheid. 0 and 
although there is now transition to a more equitable 
social structure. most black South Africans rely on 
O\'erburdened and financially constrained state 
funded teniar\· le\·el and community based health 
care facilities. 
This study was conducted at the Salt River State 
.\lonuary which processes over 90':,, of deaths 
registered with the police in metropolitan Cape 
Town. Six hundred consecutive deaths registered 
from l January 1091 were examined. The types of 
death cenified were grouped into: 
'. 1) Deaths from unnatural causes, including 
murder. transport accident. suicide, and drowning; 
,2·, Deaths cenified by a medical practitioner as 
being from natural causes; 
(3) Deaths certified as being the result of natural 
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Tu.ble I P:rcenwge of 
dearhs m age ,;aregon·es ,;.nd 
rario of maie w female 
d,arhs by ckar/1 ,·emfi,:u.re 
type 
T..ible II P:rcenrage of 
dearhs in relu.rio,1 10 race 
and rype of Jearh cemfo:are 
( 4) Deaths cerufied bv the police as being the 
result of natural causes, based on a sworn statement 
of a relanve. :md with no specific cause <lf Jeath 
recorded ,m the certificate. 
The age and race distnbunon <lf those who had 
died was examined. The studv then focused ,m the 
police cerufied deaths and individual records were 
examined. Sworn statements obtained tram the 
next 1)f kin were studied to determine whether the 
deceased had visited a hospnal. clime. or pnvatc 
practitioner within one week or death and if it were 
possible for someone with a medical training in 
this case a medicai practinonerJ ro ascertain a cause 
of death tram the information provided. 
The process of reading the ,worn ,tatements 
attempted to approximate to the standard mtema-
uonal form of medical certificate or causes of Jeath' 
by seeking the·' disease or condition directlv ieading 
to death·· .. -\ case was regarded .is havmg ::i ciear 
cause of Jeath when an antecedent history, such as 
a hospital Jiagnosis of heart Jisease ,Jr cancer. -.vas 
accompanied by a historv ,1f svmptoms :md signs 
consistent '.vith the condition resulting m Jeath. In 
cases where only one of the aforemennoned cntena 
was satisried. the cause of Jeath \Vas regarded .1s 
unclear. Infant deaths certified bv the police were 
compared with those that had been certified .1n:er 
necropsv. 
Results 
Of the oOO deaths examined. 347 58" ,J; were the 
result of unnatural causes. 111 18°0, were certified 
bv a medical pracunoner. 83 )--!":,·, were cemried 
::is being the result ,if natural causes Jrt:e, necrops\·. 
and 59 ') 0° n, were certified b\· the police: JS ·oemg 
due to natural causes. Tabie I gives the :1ge and sex 
distribution of these deaths and shows that most 
violent and accidental deaths were m men. Deaths 
certified as the result of natural causes an:er .1 
necropsy mainly occurred in infants and in those 
aged 25-64 years and the distribution of deaths 
certified by the police was similar. \'vnite South 
Africans constituted a relatively small proportion of 
all death categories (table II). This was particulariy 
evident in cases of natural death. Of the 59 deaths 
certified by the police. just under half ( --!, · 5'\,) had a 
history of contact with medicai care in the week 
before death. It was possible to ascertain a cause of 
death in almost three quarters (72·9°1,) of the cases. 
Type oj A?e ,,_,·) .I/Ji< 
di;arh ·c.·mul<..' 
.:trnficate I-+ 5-.:.J. :5-6.J 05+ ,.arw 
C nnarural c:iuses 
,n=347) 2 3 -t 23 o3 -l· io 
~arural causes 
airer necropsy 




;_n=ll l) l·-l 1),0 ~-7 )3·.: -ll·-l 2· 36 
Ccmfied bv 
police •,n=59) 3·4 l ·~ -17·5 25·-l 2-1)) 
T_)pe of death ,;errz_ficac,; .~_fnCJI/ Colvured ',t"7lm: 
L-nnatural causes (n=34 7) 37 -!8·0 1-l-l 
~arural causes after 
necropsy !n=83) H·o -!5·8 ':l·!J 
Cerufied bv medical 
pr:ictitioner (n= 111) 31 ·5 o2·2 ti· 3 
Cemfied by police (n=59l 50·8 -lO·~ n 
based on the sworn statement of next of kin (table 
IIn. Table IV gives the causes of death obtained 
tram the sworn statements relating to the 30 adults 
certified Jead by the police. Comparison benveen 
necropsv and police cemfied infant deaths (table V) 
showed substantial differences m the cause of death 
:Jenveen the two groups. 
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The number of unnatural deaths found during the 
studv periods rer1ects a pattern of mortality that 
constitutes a major health problem in South 
.-\frican men. ,n 11 The high rate of police death 
certific:ition and necropsy may reflect difficulties in 
obtaining death certificates from medical 
practitioners. The areas from which these subjects 
came are generallv poorly sel"\'ed bv private medical 
practitioners and most of the public health facilities 
are not open at night or over weekends. i:, It is also 
likely that the poor are forced to use police facilities 
to remove, transport, and store bodies, with conse-
quent higher police certification and necropsy 
rares. 
Occasionally, the statement of ~he next of kin 
would recount an attempt to obtain a death certi-
ficate from a hospital or clinic where the deceased 
had been treated. These attemps failed, either 
bec:iuse of difficulties in obtaining the medical 
record or inability to find the medical practitioner 
who had treated the deceased and a gener:il 
reluctance on the part of health care professionals 
to be involved m the issuing of death certificates. 
Contact \\ith the health services \,1thin one week of 
death does nor indicate that all these cases had 
problems in obtaining medical death certificates. It 
is possible that families did not realise that death 
certificates could be obtained from those involved 
in the recent medical care of the deceased, and were 
further constrained by the lack of transport and the 
prospect of long delays in obtaining the required 




areas of informal settlement and this situation has 
been further exacerbated by conflicts between rival 
funeral organisations. It must be noted that many 
health care workers, burdened with high patient 
volumes, would obviously accord the provision ofa 
death certificate low priority. 
All those in\'Olved in health care must be trained 
in the importance of providing death certificates in 
order to minimalise hardship suffered by berea\·ed 
families. Also important is the upgrading of medical 
practitioner death certification, with emphasis on 
pro\·iding accurate medical cause of death informa-
tion.13 The importance of mortality statistics as a 
basis for health resource allocation decisions must 
be recognised more widely. 1 
This study illustrates that next of kin statements 
can provide valuable information on the cause of 
death where this is ill-defined. Conventional post 
mortem interviews rely on either open ended 
questions or structured questionnaires admin-
istered by trained medical or Jay personnel. Recent 
studies have shown that post mortem inteDiews 
provide a high level of sensiti\ity and specificity in 
the diagnosis of fatal illnesses and are an important 
method of obtaining mortality information in the 
developing world. 14 15 
The system of police death certification is based 
on obtaining a sworn statement from the next of kin 
as to the circumstances surrounding the illness and 
final days of the deceased. This constitutes a 
narrative account with a minimum of additional 
questioning. The aim of this statement is not to 
ascertain a specific me"dical cause of death, but 
rather to exclude any unnatural cause of death that 
\\·ouid require further investigation. In Cape T O\\·n. 
this statement is usually obtained by a police 
detective with no additional nosoJogical training. 
This enables the im·estigating police officer to issue 
a death certificate. As this certificate contaim no 
cause of death information, howe\·er, these deaths 
arc recorded as '·ill-defined''. The exclusion of 
specific cause of death information from the certi-
ficate is based on the fact that when untrained 
police pro\·ided the cause of death. problems were 
encountered with inaccurate, and occasionally, 
bizarre information." 
The statements obtained by the investigating 
police officer were clear enough to allow a medical 
practitioner to ascertain a cause of death in almost 
three quarters of the cases. In most accounts. both 
the background circumstances and the immediate 
e\·ents surrounding the death concurred in pro-
nding a clear cause of death. The \'ariety of 
accounts and causes of death make it unlikely that 
the police officer did indeed influence the narrative 
obtained. ,\·iost of the interviews were conducted in 
Afrikaam which is not the home language of the 
African next of kin and further research into the 
effecr of language on the sensitivity of these state-
ments is required. The "language ofinteD·iew'' mav 
in Itself be a good indicator of health status. 1" 
The lack of association between contact with 
health care and next of kin knowledge of the cause 
of death may be a result of the fact that patients with 
clearly terminal conditions may not have visited 
hospitals or clinics regularly because of lack of 
mobility and financial constraints. A number of 
cases required police certification although the 
deceased had, according to the next of kin, been 
Lcmzard B Lerer 
discharged recently from hospital "in order to die 
at home". 
A major concern is the deleterious effect of high 
levels of "ill-defined" infant deaths on national 
diarrhoeal disease monality statistics. 1 ~ The pre-
dominance of diarrhoeal disease deaths in this 
study is attributable to the fact that it was con-
ducted in the summer, and an active programme of 
infant monality suffeillance shows that acute res-
piratory infection 1' is an important cause of infant 
mortality in South Afri:::a. One specific virtue of 
examining relatives' statements may be that it 
allows some understanding of the attitude and 
beliefs surrounding the e\·em described. This could 
be of importance in understanding the so:::io-
cultural complexities of infant mortality. 19 
The application of inno\·ati\·e nosological tech-
niques such as the analysis of sworn statements 
associated with sentinel health evems"0 could be 
used in conjunction with direct" 1 and indirecr: : 3 
methods to improve the quality of mortality data in 
the developing world. 
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Smoking guns and public health 
It seems al
most trite to state that contemporary 
South Africa is characterised by a pernicious 'culture 
of violence'.: Even more worrying, however, is the 
growing perception that violent death is somehow 
incomprehensible,' for this is a view that legitimates 
inaction. W'e cannot afford to adopt such a view if the 
level of violence in this country is to be reduced. It is the 
social and ethical responsibility of those who hold privi-
leged professional positions, to help end the current spi-
ral of violence and dear:, 
A domestic arms race has been gathering momen-
tum, particularly over the past decade. Each year grow-
ing numbers of civilians purchase guns to enhance their 
personal safety.' In 1988. gunshot wounds were the sec-
ond largest cause of death in cases both of suicide and 
homicide'' in South Africa and an increasing proportion 
of homicides in Cape Town have involved the use of 
firearms since the mid-l 980s. · 
Of course guns do not cause v;olence or lawbreaking. 
Nevertheless the use of a firearm increases the likelihood 
of a fatality fivefold,· e\·en when death is not the in-
tended outcome of an attack. In addition, firearms are 
by far the most lethai of 'household' weapons." 
1
'' 
Those who would decrease the level of extreme vio-
lence in society therefore argue that access to firearms 
should be curtailed significantly, as 'fewer guns would 
mean fewer deaths. even assuming that killers would. 
choose alternative methods rather than abandon an 
arrack·.: A body of research now exists in support of the 
claim that stringent resmctions on civilian gun O\l.ner-
ship produce a reducuor; in both homicidal and suicidal 
fatalities."'' 
Empirical findings consistently show that gun ov.mer-
ship to enhance personal safety is a myth. Domestic 
firearms are far more like)\· to be used in a suicide or on 
a famil\· member or inenc. than on an intruder;"·'' those 
most at risk of hom1cida, arrack in the context of rob-
bery," such as elderh· women, benefit little from gun 
O\\nership. Furthermore. it is now clear that the avail-
ability of guns in the home, irrespective of the type or 
method of storage, increases the risk of 'successful' ado-
lescent suicide."" 
Guns leave little option for reconsideration of an 
impulsive decision, be it homicidal or suicidal. It is 
therefore reasonable to expect that reduction of the 
accessibility of guns will decrease fatalities, especially 
those resulting from heat-of-the-moment confrontations 
such as domestic conflicts''· and attacks on less vulnera-
ble victims.'' 
J\."evertheless. the pro-gun lobby continues to empha-
sise the numerous advantages of licensed domestic gun 
ownership including the myth of enhanced personal 
security and the less pragmatic pleasures associated with 
the possession of fine weapons and their recreational 
use. Internationally, the strongest opposition to the gun 
control lobby has come from law enforcement agencies, 
whose emotive cry has been that 'when guns are crimi-
nalised. only criminals will have guns'.· Some pro-gun 
lobb);sts have expanded even further on this, claiming 
that licensed cidian gun ownership should be encour-
aged as a deterrent to ia\\·breaking. Potential lawbreak-
ers they contend, will be more reluctant to confront 
people whom thev knO\\. may be armed!' 
The demonstration of a significant and sustained 
reduction in the number of gun-related homicides and 
suicides in the District of Columbia following the intro-
duction of restrictive gun control legislation" unleashed 
vehement attack from the North American pro-gun 
lobby, which chose to ignore the obvious association 
between their products and deadly outcomes and dis-
missed the research findings on the grounds that epi-
demiological studies do not prove a causal relationship, 
in the strictly statistical sense. This response simply ele-
vated the debate to the level of mathematical hypothesis, 
far removed from the realities of life and death. 
The reaction of the pro-gun lobby to research find-
ings that support gun control is disturbingly reminiscent 
of the way in \vhich the pro-smoking lobby responded to 
studies that indicated the damaging effects of smoking. 
The debates on guns and smoking have much in com-
mon, as both are viral public health issues that are 
entangled \,;th political, factional and personal interests. 
It is this very enmeshment that has prevented a straight-
forward strategy of surveillance, containment and pre-
vention being applied in the case of smoking or v;olence, 
as wouid have been done for any infectious disease. The 
armament industry and the tobacco trade originated in 
the 'de\·eloped' world and both have dealt with the 
shrinking demand for their products in this area by shift-
ing marketing to economically oppressed countries." 
Furthermore, just as developed countries have had to 
combat the pernicious effects of smoking, they are now 
hanng to deal with the destructive consequences of 
firearm ownership." Economically oppressed countries 
will be forced to grapple with the destructive con-
sequ::nces of tobacco"' and firearms long after the 
· de\·eioped' world has managed to ameliorate their 
negatiw impact. There is already growing evidence that 
\;oienc~ and the rising number of gun-related injuries 
are piacing increasing pressure on South Africa's already 
overburdened medical facilities.,.,.,, 
Hopefully, we can learn from the smoking debate 
anci recognise by analogy that 'the issue was not, as 
some misunderstood it, whether the a\·ailable data 
proved that smoking caused lung cancer (since it ne\·er 
couid\. Rather the issue was ( or should have been) 
whethe:- the available data warranted action'." It would 
be futile to impose more restrictive legislation on 
domestic gun ownership. as South Africa has already 
implemented such legal reforms. More importantlv, 
these reforms have failed to limit either the illegal pos-
session of guns, or the abuse of firearms by licensed and 
unlicensed users. Despite relatively strict laws, people 
use guns with little restraint. The only large-scale and 
up-to-date study of firearm use in South Africa" has 
cleariy shO\m that the majority of a sample of civilians 
and law enforcement personnel who use their firearms 
to kill. \;olated the internationally accepted principles of 
minimum force and proportionality of force to threat. 
M.ore disturbingly, these shooters did not face certain, 
or serious, legal sanction for using their firearms \\ith 
little restraint and deadly effect. In essence, this study 
indicated that the South African legal system is failing to 
apply controls on the use of deadly force strictly and 
consistently when determining liability. This means that 
a high level of restraint is not required from those who 
use firearms to kill in order for their actions to be 
deemed lawful and consequently for such persons to 
avoid legal sanction. It would seem, then, that strategies 
aimed at reducing firearm violence should focus on a 
change in the application, rather than the lener, of the 
law. 
Gun control strategies must, therefore, move beyond 
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who are permitted to possess firearms. Ironically, such 
restrictions emphasise the \·alue of gun O'wnership and 
so act as an incentive to lawbreaking by those who are 
denied access to firearms.'' This is surely pan of the 
reason for the increase in the illegal possession of guns 
in South ,\frica. 
It would be futile to wait for the effects of political 
transition and socio-economic upliftmem to reduce the 
endemic levels of \iolence in this country. \X'e propose 
that the only way of reducing the use and abuse of 
firearms in the long term is to develop a culture of disar-
mament and anti-\iolence. This must include surveil-
lance of and continued research into firearm-related \iO-
lence in order to provide policy-makers with accurate 
information on the severity of this problem. 10 This 
would be pan of a broader public health strategy aimed 
at improving the personal safety of all South Africans. 
One of the most ob\ious ways of changing public atti-
tudes to the O\\Tiership and use of firearms is to modify 
the way in which guns are depicted in the mass media;' 
we need to be aware of the dangers of exposing our 
children to violence on tele\ision. 11 A less obvious, but 
perhaps more effective, approach would be 'to change 
the attitudes, values, and practices of the core ownership 
group - the police, other law enforcement personnel, 
and private security forces'.''" Such changes will require 
active public lobbying for gun control in this country 
akin to that undenaken by pressure groups in many 
industrialised countries. This requires awareness of the 
extent of legal gun mmership in South Africa and con-
certed educational campaigns in order to promote a 
'gun-free· society. 
Health professionals can and indeed ought to play an 
acti\·e role in working toward domestic disarmament. 
\X'e can, at the very least, ensure that we explain to our 
patients the dangers of ha\·ing guns in the home and, 
more specifically, that we recommend the removal of 
firearms from the homes of those deemed suicidal. To 
view gun control as a public health issue is a tangible 
and \ital response to \iolence in South Africa. 
The authors \\ish to thank Dr Derek Yach for his com-
ments on an earlier draft of the manuscript. 
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Application of Two Secondary Documentary Sources 
to Identify the Underreporting of Fatal Occupational 
Injuries in Cape Town, South Africa 
Leonard B. Lerer, MBChB, oForMed, ssc, and 
Jonathan E. Myers, BSc, MBChB, DTM&H, MD 
We reviewed 8,502 deaths registered at the Salt River state mortuary, Cape Town 
(medical examiner records) for an 18-month period (1/1/90-6/30/91). When fatal oc-
cupational injuries located from this data source were matched with the records of the 
occupational safety inspectorate of the Departmen: of Manpower, it was found that 28% 
had not been reported in terms of statutory regulations. Unreported deaths accounted for 
25o/c of all fatal occupational injuries in the construction industry. None of the fatal 
occupational injuries in agriculture and fishing had been reported. Falls constituted 45'7C 
of the unreported fatalities. High levels of unreported fatal occupational injury indicate 
deficiencies in current occupational safety surveillance and enforcement in South 
Africa. f;, 1994 \Viiey-Liss. Jnr.. 
hey words: work-related fatalities, occupational injury, injury surveillance 
INTRODUCTION 
Complete reponing is important fo~ the iden:ifa:ation and prevention through 
su:-veillance of fa:a: occupational injuries [Robensor., 1992]. \Vhils: nonfata; indus-
::-ial injury ~ates have declined in South .t.Jrica, a simila:- trend has no: beer. reported 
ir: fatal occupational injuries [Leger and Macun, 1990]. South "t.Jrican accidrnt sta-
tis:ics often represen, events in organized industry which participates in a national 
occupational safety program and generally adheres to statutory reporting procedures. 
\\.ide disparities exis: between the effectiveness of various documentary sources in 
identifying occupational fatalities. In the united States, death certificates and medical 
ex.:iminer records have been consistently noted to identify a greater proportion of the 
occupational fatality "pool" than Workmen's Compensation and governmental agen-
cies [Cone e: al., 1991: Stou: and Bell, 1991: Finga~ e: al., 1992]. 
This s:uciy attempts to identify all occupational fataiities that occurred in met-
~opoli:ar. Cape Town, South Africa in ar. 1S-month period, explore the relationship 
Dc;:,a:-:men: of Forensic Medicine anc: Toxicology. universit: o: Caoc Town, South Africa (LB.LI. 
Oc.:uoariona! Heal:r. Research uni:, Deoanment of Community Heal tr., university of Cape Town, South 
:\::ic~ (J.E.\:.;. 
Adorcss reprin: requests to D:. Leonarc B. Lcrc:. Dcpartmcn: of Forensic Medicine anc Toxicology, 
Cnivc,sny of Caoc Towr.. Medical School. Observatory, 79::. Soutr. Africa. 
Acccptcc for pu8iication September ::. 1993. 
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between those fatali:ies identified solely by medical examiner records (as represented 
by state mortuary da::::) and those reported :o the occupational safety authori:ies, and 
describe the differences between reported and unreported deaths. 
METHODS 
Legal Requirements for the Reporting of Fatal Occupational Injury 
In terms of exis:ir.g legislation, all deaths in South Africa due to causes other 
than natural causes [Inquests Act, 1959) are subjected to forensic autopsy examina-
tion as part of a police investigation and subsequent inquest held in order to determine 
a cause of death. This would include mortality related to homicide, transportation, 
suicide, therapeutic misadventure, and "accidents." An inquest magistrate can de-
cide whether a death was due to an act or omission on the part of any person and refer 
such cases for criminal investigation and charges. 
The Machinery and Occupational Safety Act (MOSA) [MOSA, 1983] requires 
that any incident resulting in a fatality that is consequent upon the use of machinery, 
hazardous working conditions, or any accident at the workplace be reported to the 
occupational safety inspectorate of the Department of Manpower (DOMt A formal 
investigation takes place, the report of such an enquiry being submitted to the attorney 
general for possible prosecution of the employer. In certain cases, the inquest and 
inquiry may be held together, this usually being applicable for "high profile" in-
dustrial "accidents" i:1 which multiple fatalities occurred. Almost all inquests relat-
ing to fatal occupational injuries are closed without further legal action agains: em-
ployers (Senior Public Prosecutor, Cape Town, personal communication,. 
Sources of Data 
State mortuary records. The Sal; River state mortuary admittec ove~ 950'c of 
all nor.natural deaths in metropoli:an Cape Town during the study perioc:. Demo-
graphic informa:ior. was obtained from the death registers of the mor:ua:;. anc acci-
dent details extractec f~om the police repor: submitted prior to autopsy examination. 
D0\1. The occupational safety inspectorate of the DOM maintains 2. register of 
all fatalities reponec in its area of jurisdiction, which includes metropoii:an Cape 
Town. \\·hen required, for the purposes of clarifying the exact name or place of mjury 
of the deceased, :he ac:ual investigation dockets of the DOM were consuired. 
Selection of Cases 
The monua:-y dea:h registers were scanned in order to locate any recorciec fatal 
occupa:ional inju:;· during an 18-month period bern'een January L 1990 anc: June 30, 
1991. . .\11 likely occ:..;;:,a~ional fatali,ies were isolated using a range of no:1specific 
descriptors designed to locate deaths not described in the register as fatal occunarional 
injuries. These descriptors included adult drownings, falls, freak accidents. undeter-
mined causes, electrical injury, nondomesric burns, exposure to gasses o:- vapors, 
explosions, and nonmotor vehicle transportation fatalities. l;sing this procedure, 154 
possible fat::d occupational injuries were located ou: of a total of S.50'.:. deaths. 
\vhereafter the police repons were studied in order to exclude nonoccupationa: deaths. 
Fifty-four cases were confirmed as occupational deaths. 
The registers of the occupational safery inspectorate of the DOM were reviewed 
-1 
JOBNAME: BBi D,'2 PAGE: 3 SESS: 4 OUTPUT: Wed Nov 10 07:19:57 1993 
/dale/disk2/alanrliss/liss.1t14494.'923 
Occupational Fatalities, Cape Town 3 
TAilLE I. Fatalities by industry, Cape Town, 1/1/90-6/30'91 
Reported unrcoortcd Total 
(n = 29) (n = 11 i (n = 40) 
Indus::;· '.\o. o/c :'io. S"'r 'so. ~ 
Cons::uc:ion :5 s: 5 -l' 20 50 
M:inufacturing i3 45 
) 1S ~5 3S 
Fishing 0 0 .:. JS 
) 5 
Agricul:urc 0 0 2 18 
') 5 
Tr:rnsoor:a,ion 3 0 0 
') 
for the study peroid, identifying 55 reported deaths, 4:3 of which were located m 
metropolirnn Cape Town. 
Calculating the Proportion Identified by Each Data Source 
Tne percentage of the total pool of fatal occupational injuries identified (this 
would constitute a proportion) by each of the two secondary documentary sources 
(state mortuary and DOM) was calculated [Stout and Bell, 1991). Using the death 
register data as a baseline, the proportion identified was first calculated for all cases 
and, thereafter, for cases qualifying under the MOSA regulations. 
Main Variables and Analysis of Data 
Occupational category anct'type of fatal injury were describec and compared for 
the two data sou,ces. 
RESULTS 
It \\'JS possibie to identify 5'1 occupational farnlities frorr: the poiice and auroosy 
records of ,he Sal: Rive, state mortuary. Of these cases. L:3 were located in the records 
of :he occupatior;al safety inspectorate of the DOM. hence giving the DOM a caoture 
o[ 80C:C of :he to:a'. pool of occupational fatalities icien:ifred by the two data sources 
combined. 
Founeen fatali,ies located in both datasets were excludec::. as they did no: fall 
under the ciefini:ior. of the MOSA as occupational accidrnts. These included 2 ho-
micide a: work :. l J, an accidental drowning of ar, infan: (l ;. anc:: moto, vehicle 
accidents ·:l'.~ i. This exclusion resulted in a final caoture of -;''2.5 l7c (29.'40) fo, the 
DOM. 
The Droponior: of reported and unreponec fatalities fo~ various industries is 
shown in Table I. The construction industry accounted for mos: of the reponec and 
unreportec:: fatali:ies. Both of the fatalities in the fishing and agricultural sectors were 
un,eponed. Type of fatal injury, as shown in Table II, represents the nature of activity 
undertaker: in the various industries with falls predominating ir; both the reported and 
unreponec groups. 
DISCUSSION 
Although based upon limited data, a finding tha: ove:- " fourth of fatal occu-
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utory regulations, has somewhat disturbing implications, representing deficiencies in 
injury surveillance and control in South Africa. This supports recent reviews con-
cerning the low priority given to occupational injury as a public health problem in 
many Jess developed countries [Smith and Barss, 1991; Stansfield et al., 1993]. The 
object of investigation in this study is mortality or the most severe and hence ascer-
tainable and measurable health outcome. The implications for the wide spectrum of 
occupational health is even more disturbing, as it is easy to infer that the bulk of 
adverse work-related health outcomes is even less ascertainable. Occupational fatality 
is the tip of the iceberg. its base including morbidity and disability from injury and 
hazardous workplace exposures that goes unrecognized. 
I: was no: possibie to locate occupational fatalities tha: were no: reported to the 
police. As the police ac: as Registrars of Deaths in South Africa, official documen-
tation is required for burial or cremation, making nonreponing unlikely. h is possible 
tha: a number of deaths occurring in hosoitals may no: have been regarded as due to 
occupational injury, an example being the death of a heac injured patient in a long-
term chronic care faciliry being certifiec as ciue to a natural cause such as pneumonia. 
The construction industry accountec fo~ the larges: proportion of the total pool 
of fatalities, providing some evidence of the health hazards and high risk of con-
struction. Construction also had the highes: percentage of unreported cases. Factors 
contributing to the difficulty of regulatior. include a significan' informal sector. high 
labor turnove:, and constan: changes in location. This industry reiies on unskilled 
labor and has traditionally been hostile 10 irade unions and currentl: has low union-
ization rates. Formal mechanisms such as safety representatives and safety commi,-
tees for monitoring health and safety are difficul'. to implemen:. Safety practices and 
safe:-; equipmen: tha: are routinely availabie ir: developec countries are seldom ob-
se:ved in construction operations in South Africa. As 90"c of the fatalities ir. this 
industry were due to falis. urgent attention is required ir. areas such as safety inspe:-
tions of scaffolding and the use of safety lines. 
Prevention of injury is the province of the DOM. The successful operation of 
this department is dependent upon the availability of precise dat2 anc the capacity to 
turn this data into useful information fo, the managemen: of occuoational hazards. 
One source of such information is the Workmen'="s Compensati~n Commissioner 
(WCC) which foru:ards information on claims for fatal injury to the DOM fo, inves-
tigation. Reports to the WCC involve the incentive of remuneration for dependents of 
.. 
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fatally injured workers and may well exceed the number of reports to the DOM. As 
the wee plays no role in the enforcement of occupational safety legislation, the 
utility of reporting to the wee for preventing occupational fatalities is seriously 
limited. wee annual reports are often delayed by a number of years and do not 
represent employment levels in the growing informal sector. Examination of the most 
recent wee repor:, that of 1988 (Table III), represents the distribution of fatal injury 
and employment levels for registered employers [Leger and Macun, 1990]. The fact 
that the DOM was not aware of many fatalities in industries such as construction, 
indicates that no claims were made from the wee. This finding supports concerns 
abou: the utility o: official published data. Any potential advantage accuring from 
incentives to repor: is lost as il resul: of insufficient coordination of information that 
should be routinely iinked and utilized jointly. This inefficient state of affairs can only 
be remedied by the introduction of a unified reporting, investigation and compensa-
tion authority [Mye~s and Macun. 1991].· 
Although the MOSA specifically excludes the reporting of fatal or disabling 
injuries or. public roads. a numbe~ of oc:::upationally related moto, vehicle accidents 
were oresen: in the DOM records. Cenain :::ategories of roac ac:::idents are recognized 
for the purposes of compensation by the WCC, such as those involving worker 
transponation anc where the job itself entails driving a vehicle on public roads. The 
inspe:::torate of the DOM has undertaken a de facto partial recognition of the fact that 
motor vehicle fatalities are ar. imponan: oc:::upational hazard [Loomis, 1991] by 
investigating a numoer of incidents: urgen: amendment of the law is required to 
include work-relatec transportation injuri:::s on public roads as reponabie. 
As the Cape Town office of the DOM covers the agricultural areas surrounding 
the city. i: ,vas founc tha: the 12 deaths excluded ( as they did no: fall under the area 
of jurisdictior: of :he state mortuary l were related to farming activiues. It seems 
nlausibie tha: unde~:-eponing of deaths in the rural areas may also be high and 
therefore 2: high oc:::upational injury rate may be presen: in the farming areas. As 
agriculture is a hazardous occupation with limited worker access to health services 
and compensatior.. a need exists for further descriptive research in this area [Myers, 
1990: Ciesielski e: al.. 1991: Chisholm e: al., 1992). 
Internationally. fishing is regardec as a dangerous occupatior. [Hopper and 
Dean. 1992]. In the :::ase of Cape Town. examination of inquest data for a 5-vear 
period indicated tha: mos: fatali.ties o:::curred whilst vessels ~ere in the harbor· and 
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unpublished darn]. The WCC reported the highest frequency of nonfatal occupational 
injury in the fishing industry for 1988 [WCC, 1988]. Although the number of fatal-
ities associated with fishing was small, we believe that an ongoing surveillance 
program is urgently required to ensure worker safety in this industry. 
Legislative refom: of occupational safety, while substantially increasing regu-
lation in law, has coexisted \Vith weak labor, few worker rights, racial discrimination 
in the workplace, unemployment, and economic stagnation. This has increasingly led 
to a state policy of industrial self-regulation with diminished governmental inspec-
toral and monitoring functions. This functional "de-regulation" is in line with other 
srnte policy which seeks to relax basic licensing and work condition legislation in 
orde:- to promote small business and the informal sector [Myers and Macun, 1989; 
Zwi e, al., l 98S]. This study indicates that workers in sectors which are difficult to 
regulate may be in particular need of further effective protection as they are most 
likely to be exposed to dangerous working conditions. In the case of certain industires 
such as construction, even formal sector workers face substantial hazards. 
Although there are geographical differences in occupational activities, it is 
likely that these patterns of unreported occupational fatalities represent many of the 
problems facing occupational health in South Africa. This research is being con-
ducted over a longer time period in order to obtain more stable estimates of the 
unreported occupational mortality proportion and to investigate specific sectors which 
are a cause for concern. 
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Homicide-Associated Burning 1n Cape Town, 
South Africa 
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To describe the features of homicide-a!;sociated burnings 
(HABJ and examine factors that distinguish between in-
tentional and accidental fatal bum injury, we undenook 
a review of all bum cases admitted to the Salt River 
State Monuary. Cape Town. South Af1ica, between Jan-
uary I, 1991. and December 31. 1992. Of 358 bum-
rdated deaths, .~5 (10'/r) ~ere homicides; tive (1-19,) of 
these were described as "necklacings." No significant 
difference existed in age. sex, residential status, or extent 
of burn injury between the HAB and adult residential 
tire victims (ARFY). Of the HAB, 44% had soot in the 
trachea and main bronchi. whereas soot was present in 
83'7r of the AH.FY (p = 0.00 I). The median blood car-
bon monoxide saturation was 12<;;- in the HAB and 30'/r 
in the ARf\' (p = ().()()I). Of the HAB, 48'/r had a blood 
alcohol concentration> 0.1 g/I(Xl ml. whereas this con-
centration was noted in 70C/r of ARFV (p = 0.02). Ev-
idence of eithe,· gunshot, stabbing. or blunt force injury 
was seen in 82% of the HAB. Although some significant 
autopsy parameters characterize HAB. we conclude that 
the forensic pathologist should diligently seek evidence 
of homicidal injury in all fatal bum cases. 
Key \Vords: Homicide-Bums-Carbon monoxide-
Alcohol-'' Necklacing''. 
Received Aurust 5. JlJlJ:\; revised f\.1arcti '21. 1994; .H.Tl'rtcd 
.\1ay ~ 1, I ')'>-I. 
Frnm thL' Ek-p;1r1111enl or Furcnsic Medicine and Tt1x.icnlll!..!V, 
l 1n1ver\ily ol C;1pc Town, South Africa. ~ · 
Addn!S.\ corn~..,rulllkrn.:c ~ind reprint request.\ to Dr. L. IL 
Lerer. Deran111e111 or Fnrensic Medicine and Toxicnlngy, L111i-
wroity of Care Town Medical School Ohservaimy 7')2'). 
Sllulh Africa . 
Although burns :ire among the leading causes of 
nonnatural death in the developing world, little at-
tention has heen paid to intentional injury with the 
use of fire or hot liquids ( 1,2). Therefore, we set 
out to descrihe the features of homicide-associated 
hurning and compare the demographic, postmor-
tem, and lahoratory parameters of its victims with 
those of accidental residential fire victims in order 
to provide baseline information to assist the foren-
,ic pathologist in the examination of such cases. 
\IETHODS 
Study l'opulalion arid Data Sources 
In South Africa, all deaths due to accident, sui-
cide, or homicide are required by law to be sub-
jected to postmortem examination (3). The study 
site, Salt River State Mortuary, Cape Town, ad-
mitted >90% of these victims in metropolitan Cape 
Town during the study period, January l, 1991 to 
December 31, 1992. Burning deaths were defined 
as all deaths due to thermal injury or exposure to 
tire residues and gases. Information was extracted 
from death registers, police and autopsy reports, 
and medical and lahoratory records. 
All bodies were suhjected to a full autopsy ex-
amination; radiographic screening was also done in 
suspected homicides. Blood alcohol (BAC) concen-
trations were ohtained using gas chromatography 
:,nd recorded in g per 100 ml of blood (g/100 ml). 
lllnocl carbon monoxide (CO) was calculated as the 
percentage saturation of the total hemoglobin and 
measured 1"ing a computerized spectrophotometer . 
llomidde-as,ocialecl Burnings (H:\B) 
Ca,es in which the police records described an 
i 11c1Jent where it was alleged that the deceased was 
as,:1ulted or killed prior to being burnt or where the 
deceased was deliherately set alight were regarded 
as homicide-associated burnings (HAB). A single 
... 
.. 
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TABLE 1. Major groups of fatal burn injury, January 1, 
1991 - December 31, 1992 (n = 358) 
Type No. (%) 
Residential fire (accident) 250 (70) 
Residential fire (arson) 10 (3) 
Homicide-associated burning (HAB) 35 (10) 
Suicide 4 (1) 
Domestic accident 46 (12) 
Occupational 9 (3) 
Gases/residues 4 (1) 
case where a neonate was allegedly strangled and 
thereafter burnt by its mother was excluded. 
Adult Residential Fire Victims (ARFV) 
This group included all those > 18 years of age 
who died when the residences they were occupying 
burnt down. Victims of alleged arson (n = 10) 
were excluded from this group. 
Statistical Methods 
Bivariate statistics were used to compare demo-
graphic, autopsy, and laboratory parameters of 
HAB and ARFY. BAC and CO. levels were not 
available for hospitalized cases. Analysis was un-
dertaken using the Epi-lnfo and SAS statistical 
packages (4,5). 
RESULTS 
HAB constituted 10% -of the fatal bum injuries 
admitted to the Salt River State Mortuary during 
the study period; this was <2% of the total homi-
TABLE 2. Demographic characteristics of HAB (n = 
34) and ARFV (n = 193), January 1, 1991-December 
31, 1992 
HAS ARFV 
Factor no (%) no (%) p value 
Age (yr) 
18-24 4 (12) 24 (12) 
25-34 16 (47) 77 (40) 
35-54 13 (38) 81 (42) 
55-75 1 (3) 9 (5) 
>75 0 (0) 2 (1) 
0.53· 
Sex 
Male 29 (85) 143 (74) 
Female 5 (15) 50 (26) 
0.15' 
Residential Status 
City 0 (0) 2 (1) 
Suburban 6 (18) 21 (11) 
Squanerhnformal area 28 (82) 170 (88) 
0.43' 
HAB = hom1c1de-assoc1ated burnings; ARFV = adult residen-
tiat fire victims. 
•Wilcoxon two-sample test. 
"Based on chi-square. 
Am J Fou1Hic ~tr,f I'ath,,/, Vol. 15, No. , 1994 
TABLE 3. Extent of bum injury and presence of soot 
in airways fo! HAB (n = 34) and ARFV (n = 193), 
January 1, 1991-December 31, 1992 
HAB ARFV 
Factor No. (%) No. (%) p value 
% Burns of Total 
Body Surface 
<25 1 (3) 4 (2) 
25-50 0 (0) 4 (2) 
51-75 4 (12) 15 (8) 
>75 29 (85) 170 (88) 
o.n• 
Soot in Trachea 
and Main Bronchi 
Present 15 (44) 161 (83) 
Absent 19 (56) 32 (17) 
0.0001• 
HAB = homicide-associated burnings; ARFV = adult residen-
tial fire victims. 
•Wilcoxon two-sample test 
"Based on chi-square. 
cides in metropolitan Cape Town. The majority of 
burn deaths (70%) in this city were due to residen-
tial fires (Table l ). 
More than half of the HAB victims and ARFV 
were between 18 and 34 years of age. Men were 
more likely to be victims of HAB and ARFV, al-
though women constituted 26% of the latter group. 
Over 80% of both the HAB and ARFV were from 
informal settlement or squatter areas on the urban 
·periphery (Table 2). Most of the HAB and ARFY 
were extensively burnt (>75% of total body sur-
face area), and soot was present in the trachea and 
main bronchi of 44% of the HAB and 83% of the 
ARFY (p = 0.0001) (Table 3). 
The median blood carbon monoxide saturation 
was 30% in the ARFY and 12% in the HAB (p = 
0.00 l ). Of the HAB, 48% had a blood alcohol con-
centration >0.1 g/100 ml, whereas the same level 
was found in 70% of ARFY (p = 0.02) (Table 4). 
Evidence of antemortem injury was found in 28 of 
3-+ (82%) HAB; blunt force injury was seen in 40% 
of the cases (Table 5). Wire or rope was found 
around the limbs of seven of the 34 (21 % ) HAB. 
Of the five necklacings, two showed evidence of 
tire residues, including burnt rubber and the metal 
carcass of the tire. 
DISCUSSION 
Burning has been described in the context of folk 
medicine. It has alro been reported during robbery 
and as punishment in Nigeria (6). In India, homi-
cidal bride burning related to dowry and family 
problems contributes to the high level of female 





TABLE 4. Percentage distribution of blood carbon 
monoxide saturation and alcohol level for HAB and 
ARFV. January 1, 1991-December 31, 1992 
Blood concentrations HAB ARFV p val
ue 
Carbon Monoxide (%) (n = 28) (n = 160
) 
No. (%) No. (%) 
<5 11 (39) 11 (7) 
5-10 3 (11) 18 (11) 
11-20 4 (14) 32 (20) 
21-30 2 (6) 19 (12) 
31-40 3 (11) 28 (18) 
41-50 1 (4) 20 (12) 
5H30 3 (11) 10 (6) 
>60 (4) 22 (14)
 
0.001• 
Blood Alcohol tg/100 ml) (n = 27) (n = 160) 
No. (%) No. (%) 
0.00 9 (33) 35 (22) 
O.OHl.09 4 (15) 15 (9) 
0.1o--0.19 8 (30) 40 (25) 
0.2o--0.29 6 (22) 59 (37) 
0.3()-{).40 0 (0) 10 (6) 
>0.40 0 (O) 1 (1) 
0.001• 
HAB = hom1c1de-associated burnings; ARF = adult res1dent1al 
fire victims. 
•Wilcoxon two-sample test. 
victims in order to prevent their identification or to 
make the de:.ith look like an accident (8). In South 
Africa, a modality of homicidal burning known as 
'·necklacing" has received extensive media cov-
erage since tirst reported in 1984. Necklacing in-
volves placing a car tire around the neck of the 
victim, dousing the tire with petrol, and setting the 
victim alight (9). Statistics on this method of killing 
are difficult to compile, but it has been estimated 
that about half of the homicidal burnings in South 
Africa between 1984 and 1986 were necklacings 
( I 0). 
Although a relatively small component of hom-
icides in thi, study were burn related, these cases 
are nevenheless important in light of the volume 
of homicidal deaths (>I 000 per year) in Cape 
Town. The high levels of residential fire and do-
mestic accident deaths are due to the lack of elec-
trification as well as the flammable constmction of 
informal settlement areas on the urban periphery, 
TABLE 5. Antemonem injury found at postmortem 
examination of f-lAB (n = 34), January 1. 1991-
December 31, 1992 
lnJury 
Blunt force 
Penetrating 1nc1sed wound 
Gunshot wound 
No wounds found 










where candles, open fires, and paraffin are used for 
lighting and cooking, often with disastrous conse-
quences. The major burns of the ARFV suggest the 
catastrophic nature of these fires. The HAB were 
also extensively burnt and charred due to the flam-
mable materials used. Very little comparative in-
formation is available on the time period required 
for charring of bodies (11), although it is evident 
from this study that exposure to tires and petrol 
results in extensive superficial tissue charring. 
The presence of soot in the trachea and main 
bronchi appears to be a good, but nonspecific, sign 
that the decedent was indeed breathing at the time 
of the fatal fire. Problems associated with this post-
mortem sign include the finding of soot in the pres-
ence of charring away of the face, neck, and 
thoracic wall and its presence in cases with severe 
antemortem injury. 
The difference in the blood carbon monoxide 
saturation between the HAB and ARFV was sub-
stantial. The relatively low CO levels in the ARFV 
may indicate the rapidity of fire death in mainly 
wooden and paper-lined shelters. None of the HAB 
with CO saturations of < 10% had soot in the tra-
chea and main bronchi, indicating the utility of 
these parameters in determining whether the victim 
was indeed alive at the time of the burning. (It 
should be noted that inhalation of smoke can cause 
soot in the trachea without burning of the body.) 
Reliance on traditionally quoted CO levels for 
incapacitation and death may not be appropriate in 
the presence of toxic products of combustion 
(12,13); hence, the measurement of other sub-
stances has been proposed. These include 
measuring blood cyanide, which has been associ-
ated with rapid death even in the presence of low 
CO levels (14). Blood cyanide requires rapid col-
lection, which is not always possible in the autopsy 
situation, and it may diffuse into the body follow-
ing postmortem burning ( 15). The measurement of 
blood hydrocarbon levels has also been suggested 
as an indicator of whether the deceased was alive 
prior to the burning (16). 
The lower BAC in the HAB may represent the 
circumstances under which such killings occur, 
such as factional or criminal violence. The high 
BAC in the case of ARFY is a source of concern 
hccause children were often victims of the same 
fire. Assessment of the role of alcohol must be un-
dertaken with caution in light of its association with 
smoking, a commonly recognized cause of residen-
tial tires ( 17). 
The finding that 82% of the HAB had evidence 
of antemortem injury indicates that attempts at 
burning were not successful in disguising the na-
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ture of the fatal injury. Blunt force is a common 
feature of necklacing murders, where a crowd will 
often beat and stone the victim prior to the burning 
(9). lt was in many cases possible to identify the 
features of penetrating incised wounds or perforat-
ing gunshot wounds. even in extensively cooked or 
burnt organs. In some of the HAB. it is pos·sible 
that burning took place in order to hamper identi-
fication of the deceased; this aspect of the medi-
colegal examination of the charred remains 
represents a major challenge to the forensic team 
(8). Forensic odontological identification is the 
mainstay of the approach to identifying HAB, no 
matter how badly charred the remains are (18). 
The validity of comparison between HAB and 
ARFY would be called into question if greater lev-
els of survival were found following residential 
fires. Even though residential tires in informal and 
squatter settlements are catastrophic. with high 
mortality, as evidenced in this study, only 16% of 
the ARFV were hospitalized, as compared to 20%, 
of the HAB. Furthermore, no differences in sur-
vival rates were found between the alleged residen-
tial arson victims and the ARFV. 
It is often impossible to distinguish whether in-
juries were inflicted prior to or after the burning 
and whether these injuries were of sufficient sever-
ity to cause death. The forensic pathologist there-
fore has to combine a detailed and accurate history 
in all burnings with a high index of suspicion. It is 
perhaps the wisest policy to subject all burning vic-
tims to radiographic examination and a complete 
autopsy protocol. 
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We examined the determinants of outcome following sharp penetrating chest 
trauma (SPCT) in Cape Town, South Africa. During a 6-month period, 248 
nonsurvivors {comprising 231 prehospital and 17 in-hospital deaths) and 474 
survivors admitted to the Groote Schuur Hospital Trauma Unit were located. Most 
(77%) of the deaths resulted from cardiac or great vessel injuries. An unexpected 
finding was that in 47 {19%) of the prehospital deaths, the only injury at autopsy 
was a unilateral lung wound. There were no deaths in the 442 patients with this 
injury admitted to the hospital. The survival rate following equivalent injuries was 
unexpectedly better in patients from poorer socioeconomic areas, possibly 
because of increased use of private transport to reach the hospital. The key to 
improved outcome after survivable SPCT lies in rapid transportation to adequate 
emergency care by the quickest available means. 
SRA.RP penetrating chest trauma (SPCT I accounts for 
the majority of serious injuries caused by interpersonal 
,'iolence in countries such as South Africa.1.
2 Stab 
wounds to the chest. \vhich are treated in the hospital, 
are reported to have a relative!:-· lo\,- mortality rate, 
ranging between 1 c;;- and sc;;- _3- 7 It has been suggested 
that this favorable outcome is a result of a select pop-
ulation reaching the hospital. with the more seriously 
injured patients d:-'ing in the prehospital phase.~ The 
present study was undertaken to provide. through the 
inclusion of both nonsun'ivors and sun·ivors. a com-
munity-based perspective on the true outcome after 
SPCT. and. where possible. to make recommendations 
for appropriate intervention:: to reduce mortality fol-
lowing SPCT. 
MATERIALS AND METHODS 
Definition and Selection of SPCT Nonsurvivors and 
Survivors 
A \'ictim of SPCT I whether d~ing or suni\'ing I was defined 
as any person over the age of 12 year_,; who sustained a 
primary injury \\ith a knife or sharp object to the chest of 
sufficient severity to result in death or hospital admission 
during the study period. Juiy 1. 1991 through December 31. 
1991. The registers of the local state mortuary. which proc-
essed more than 95t;c of all homicides in metropolitan Cape 
Town during the study period. were used to identify 356 
SPCT deaths. 20 of which had occurred in Groote Schuur 
From the "Department of Forensic Medicine and bGroote Schuur 
Hospital Trauma Unit. University of Cape Town. South Africa . 
Address for reprints: Dr. Leonard B. Lerer, Department of Forensic 
Medicine. University of Cape Town Medical School, Observatory 7925. 
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Hospital 'GSH!. There were 494 SPCT patients treated at the 
GSH Trauma Unit during the study period. The study area 
was defined as that normalh- covered bv the ambulance ser-
vices sen'ing GSH. In orde1: rc, ensure ·comparability of the 
study base.;, 104 ( 3 l 'Jc I of the prehospital deaths. three , 15'7r 1 
of the in-hospital deaths, and 34 (7'Jc, of' the sunivor.c were 
excluded. This left 248 nonsunivors I 231 prehospital and 17 
in hospital1 and 474 suni\'ors in the study. 
Data Collection 
Demographic information on prehospital deaths was ob-
tained from police reports and autopsy data were extracted 
from the records of the Department of Forensic Medicine of 
the University of Cape Town. Autopsy records of all patients 
who died were located. All autopsies followed a specific and 
detailed protocol and blood wa;:: taken for gas chromato-
graphic anai_vsis of alcohol le\·els. Data extracted from the 
records of in-hospital nonsunivors and sunivors included 
demographic. diagnostic, and treatment information avail-
able from patient records. 
Variables 
Age. sex. and suburb of residence were the demographic 
variables used. Suburb ofresidence corresponded v.ith actual 
suburb where the episode of SPCT occurred in 92'7c of the 
nonsunivors and 94'K of the sunivors. Reported suburbs of 
residence (62 in all I were stratified into three levels using a 
composite socioeconomic status scale based on education, 
housing. income. and employment (Mr K. Smith: Personal 
communication. Cape Town City Council. Urban Studies De-
partment). The highest socioeconomic level Oevel 1) consisted 
of middle-class and upper-class suburbs, v.ith the middle 
level (level 21 being mainly poorer but well established areas. 
The lowest socioeconomic 1 ~vel <level 3, included areas v.ith 
overcrowding and informal housing. All suburbs were within 
a 25-k.m radius of the GSH Trauma Unit. 
The primary intrathoraci-: injury was categorized using the 
·• 
.. 
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Abbreviated Injury Scale (A.IS-90 1 as a guide for anatomic 
characterization and measurement of injury severity. 10 A 
secondan· intrathoracic injury was regard?d as any injury 
with a lo;er AIS score than the primary intrathoracic injury. 
Sharp penetrating injuries at enrathoracic sites were docu-
mented if their AIS score was 2 or greater. 
Statistical Methods 
Bivariate statistical analysis was undenaken to compare 
characteristics of the nonsunivors and the sunrivors. Multi-
Yariate logistic regression analysis was then used to calculate 
adjusted odds ratios f ORs I for selected explanatory variables, 
and regression diagnostics was performed. 11 Analysis was 
carried out using the SAS Statistical System (Release 6.07). 
RESULTS 
Demographic and Injury Descriptors 
Victims of SPCT were predominantly young, male, 
and from the poorer suburbs (Table lJ. The injury sites 
and severity characteristics for nonsurvivors and sur-
vivors following SPCT are shown in Table 2. Cardiac or 
major vessel wounds were the primary intrathoracic 
July 1994 
Table 2 
Comparison of injury site and severity characteristics for 
nonsurvivors and survivors following SPCT 
Nonsurvivors Survivors 
Factor (n = 248) 
\n = ;74, 
Number (%) Numoer (~,) 
Primary intrathoracic injury 
Heart and great vessels 
Cardiac 98 (40) r _:, (5, 
Aorta and major arteries 56 (23) 1 (<1) 
Vena cava and major veins 16 (6) 0 (01 
Pulmonary vessels 20 (8) (<1) 
Lung 
Single 47 (19) 442 (93) 
Biiateral 11 (4) 5 (1) 
p < 0.001· 
Median Abbreviated Injury 4 3 
Scale score 
p < 0.001t 
Secondary intrathoracic injury 112 (45) 23 (5) 
p < 0.001· 
• Based on Chi-square test. 
t Wilcoxon two-sample test. 
injuries in 777c of the nonsuniYors and 67c of the 
survivors. Lung injuries ( unilateral or bilateral hemo/ Table 3 
pneumothorax) were present in 947c of the survivors Primary intrathoracic injury for hospitalized SPCT patients 
and 237c of the nonsurvivors. The median AIS score of 
the primary injury for nonsunivors was 4, higher than 
that of sunivors. whose median ."uS score was 3 (p < 
0.001!. A secondary intrathoracic injury was found in 
45'i of the nonsunivors compared \\ith 57c of the sur-
,ivors. Sharp penetrating trauma at an extrathoracic . 
site occurred in 87c of the nonsuniYors and 27c of the 
SUr\'1VOrs. 
Cardiac and great vessel injuries accounted for 15 
(887c I of the in-hospital deaths. ,,ith six (477cJ of these 
cases ha,ing a secondary intrathoracic injury. Table 3 
shows the percentage mortality for the primary injury 
groups treated in the hospital. Heart and major vessel 
Table 1 
Comparison of demographic characteristics for nonsurvivors and 
survivors following SPCT 
Non survivors Survivors 
Facto .. in:::: 248: (n = 474) 
Number (%\ Number (%) 
Age d1striout1on (years) 
16 1 f0.5) 3 (1) 
17-24 78 (32) 193 (41) 
25-34 105 (42) 205 (43) 
35-54 63 (25) 70 (14) 
54 1 fC.5J 3 (1) 
Median age 28 27 
Sex 
Male 233 (94) 426 (90) 
Female 15 (6) 48 (10) 
Soc1oeconom1c status 
Level 1 24 (10) 27 (6) 
Level 2 56 (23) 116 (24) 




(n = 491) 
of Deatns (%) 
In= 171 
Cardiac 35 iO (29) 
MaJor vessel 7 5 171) 
Biiaterar lung injury 7 2 (29) 
Unilateral lung injury 442 0 f01 
inJuries had a mortality rate of 367c. wherea:o there 
were no deaths from unilateral lung injury. 
Table 4 gives the blood alcohol concentrations 
CBACsJ, which were available for 947c of the prehospi-
tal and 'il 7c of the in-hospital deaths. Of the prehospi-
tal nonsunivors 7917c had a BAC greater than 100 
mg/dL compared v.ith 427c of the in-hospital nonsuni-
vors. Comparison between the groups. however. is not 
meaningful, because of the varying periods of time 
spent by the latter group in the hospital and ,igorous 
fluid resuscitation, both of which could have influenced 
measured BAC. 
Multivariate Analysis of Demographic and Injury 
Descriptors 
A multivariate logistic regression model was con-
structed using the demographic and injury variables 
(Table 5J. The dependent variable was death or sur-
,iYaL v.ith in-hospital deaths being included in the 
death group. Quartile-based age strata were used and 
residential socioeconomic status stratified into the 
three levels described above. Primary intrathoracic in-
juries were divided into the three major categories by 
collapsing the various subcategories in Table 2, allow-
"' 
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Table 4 
Blood alcohol concentration for prehospital and in-hospital 
deaths following SPCT 
p,enosp1ta1 In-hospital 
Blood AlcohOI Concentration Deaths (n = 229) Deaths /n = 12) 
\BAC) 
Number (%1) Number (%) 
SAC ,mg/dL) 
0 35 (15) 5 (40\ 
01-100 13 (6) 2 (17) 
101-200 74 (32\ 3 (25) 
201-300 99 (43) 2 (17) 
>300 8 (4) 0 (0) 
Median SAC 200 90 
Table 5 
Multivariate logistic regression for selected demographic and 
injury characteristics as predictors of risk of death following 
SPCT 
VanaDles 




Pnrr:ary :ntrat~orac:c ,n1ury 
Singie iung1 
Bilarnral lung 
Carciac or great vessel 










• OR = odds ratio. 95% Cl = 95% confidence interval. 







ing classification as single lung, bilateral lung. and 
cardiac/great vessel injuries. Other extrathoracic 
sharp penetrating chest injury was treated as a dichot-
omous variable. 
As expected. the strongest determinant of death was 
a cardiac or great vessel injury (OR = 51.9; 95cc CI, 
31.7-85.5) followed by bilateral chest injury (OR = 
16.9: 95'c CL 5.6-51.3) and the presence of another 
injury at an extrathoracic site (OR = 3.4; 95cc CI, 
1.3-8.9). Poorest residential socioeconomic level was 
unexpectedly associated with improved survival I level 
3 OR = 0.11: 95':c CI, 0.05-0.24). Regression diagnos-
tics resulted in only minimal improvement of model-fit 
estimates. 
Hospitalization and Physiologic Indices 
1Iost of the in-hospital deaths i76%J occurred within 
6 hours of admission. Table 6 summarizes the treat-
ment given to those admitted. Of the survivors. ucc 
required a surgical procedure under general anesthe-
sia and 3rc were admitted to the ICU. All the in-hos-
pital nonsunivors had either an emergency room tho-
racotomy iERT) or a formal thoracotomy: ERT was 
successful on 52Cf of the occasions it was performed. 
Table 6 
Treatment characteristics of in-hospital nonsurvivors and 
survivors following SPCT 
ln-hoso1tal Survivors 
Nansurv1vors 
Treatment (n = 17) 
(n = 474\ 
Numoer (%) Number 1%) 
Thoracostomy 8 (47) 380 (80) 
Emergency room thoracotomy 10 (59) 11 (2) 
Formai thoracotomy 7 (41) 31 \/) 
Neck exoioration 2 (12) 4 (1) 
Laoarotomy (6\ 19 14) 
Severely depressed physiologic indices on admission 
predominated in the in-hospital death group. with ten 
patients having cardiac arrests in the prehospital 
phase. 
DISCUSSION 
Sharp penetrating chest trauma mamly affects 
young males from poorer suburbs, although there is a 
documented incidence in all groups and areas. The 
present study shows that the true seriousness of SPCT 
within a community is only made apparent when all 
. serious morbidity and mortality are located: the per-
centage mortality in hospitalized patients was only 
.3.S'c. compared with :34.-!cc when prehospital deaths 
were included. 
The autopsy findings suggest that many of the 
prehospital deaths resulting from cardiac or great 
vessel injuries were unavoidable, even with more 
rapid emergency transportation. Prevention of SPCT 
is probably the only way to significantly reduce the 
mortality from these major wounds.
12 A fair 
proportion of SPCT victims, however, had injuries 
that should be survivable with timely management 
in a tertiary hospital. Extensive on-site resuscitation 
by emergency personnel would not be expected to 
substantially improve survival in patients with these 
major vessel and cardiac wounds and should perhaps 
include only procedures that do not increase 




primary level facilities receive SPCT patients, clinical 
features can be used to triage those likely to need 
special care. 15 The unexpectedly improved survival of 
patients from poorer suburbs with these injuries 
might have been a result of the ready use of private 
transport in areas poorly served by emergency 
services. Further support for the success of rapid 
transportation lies in the successful outcome of ERT 
on 52"c of the occasions it was performed, indicating 
that if SPCT patients can be brought to the hospital 
with vital signs, the chances of survival improve 
substantially. 16 
The group within the prehospital nonsurvivors (19cc) 
who sustained only a single lung wound is a major 
" 
12 The Journal of Trauma 
source of concern. since there were no deaths in the 
in-hospital group with such injuries. Apart from un-
usual cases of air embolism from a traumatic broncho-
venous fistula. 17·18 the remainder should survive with 
early adequate management by the emergency services 
follO\ved by hospital care even at a primary level insti-
tution. Eminently treatable conditions include tension 
pneumothorax and hemorrhage from the lung vascula-
ture: unfortunately we were unable to determine their 
incidence in our nonsurvivors because of difficulties in 
diagnosing these conditions at autopsy. 
19 Although un-
equivocally associated with traumatic death. the role of 
alcohol in determining injury severity and outcome 
remains controversial. ~0 The fact that the majority of 
SPCT nonsurvivors I and probably most survivors I 
were intoxicated at the time of injury may give some 
indication as to the circumstances surrounding the in-
jury ;;hat could possibly result in delays in obtaining 
emergency care, as a result of the attacker and wit-
nesses underestimating the consequences of a chest 
wound or being incapable of rendering assistance. 
Since no alcohol levels were available for survivors at 
the time of admission, it was not possible to examine 
whether an elevated alcohol level had any physiologi-
cally protective or deleterious effect on SPCT patients. 
It has. however. been our experience that for a given 
lewl or shock. intoxicated patients respond far more 
rapidly to intravenous fluids than their sober counter-
parts. perhaps on the basis of alcohol-induced arterio-
lar and venous vasodilation causing hypotension from 
lesser blood volume deficits. It is possible that some of 
the single lung injury deaths resulted from the delete-
rious hemodynamic and ventilatory effects of the com-
bination of blood loss and alcohol. 
21 Other specific sur-
vival-related factors such as physical fitness, pre-
existing illness, drug ingestion, and prehospital fluid 
therapy were not controlled for in this analysis, but it 
is ac~'lowledged that all may have had an influence on 
outcome. 
In conclusion, this study supports the viewpoint that 
in order to improve patient management, we need data 
about the consequences of trauma along the continuum 
of events relating to prehospital and hospital care.
22 
Autopsy information is a vital component of a multi-
disciplinary approach to avoidable mortality.
23 It is 
reasonable to assume that most of the SPCT deaths 
resulting from unilateral lung injury and a smaller 
proportion of the other deaths in this study could be 
regarded as preventable. In areas with overburdened 
or inadequate emergency services, improved survival 
follo\\ing SPCT can probably be achieved by rapid 
July 1994 
transportation to the hospital using whatever means 
are readily available. 
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A Time-Series Analysis of Trends 
in Firearm-Related Homicide 
and Suicide 
IAIN L MACDONALD* AND LEONARD B LERER+ 
MacDonald I L (Actuarial Science Section, Department of Business Science, University of Cape Town, Rondebosch 
7700, South Africa) and Lerer LB. A time-series analysis of trends in firearm-related homicide and suicide. International 
Journal of Epidemiology 1994; 23: 66-72. 
In order to determine whether firearm use was an increasing component of the general pattern of homicide in Cape 
Town, South Africa, hidden Markov time-series models were used to examine a week-by-week count of firearm 
homicides, non-firearm homicides, firearm suicides and non-firearm suicides for the 6-year period from 1986 to 1991. Of 
several models fitted to the proportion of homicides that involved firearms, the one which incorporated a discrete up-
ward shift in the middle of 1991 was the most successful. There was no evidence of a similar upward shih in the propor-
tion of the suicides that involved firearms. The sharp increase in 1991 in the probability that a homicide involved the use 
of a firearm is consistent with a reported upsurge in violence related to the so-called 'taxi wars'. Hidden Markov 
models, as a general methodology for the analysis of discrete-valued time series, may be a useful and flexible means 
of identifying time trends or points of transition related to events or interventions in a wide range of public health 
contexts. 
Increasing use of firearms may be reponsible for the 
rising homicide rate in the L1S. 1- 0 In countries such as 
South Africa. deficiencies in demographic data and 
inaccurate cause-of-death information hamper the 
estimation of homicide and suicide rates. 4·~ In order 
to supplement the body of descriptive trauma 
epidemiology 6 - and provide information for preven-
tion programmes. it is important to develop innovative 
methods to monitor trends in violence mortality in the 
developing world." The purpose of this study was to 
examine the proportions of homicides and suicides in 
Cape Town between 1986 and 1991 that involved fire-
arms. and to identify any time trends or discrete shifts 
that may have occurred in these proportions during 
those years. The methodology used here, that of hid-
den Markm models, takes into account the discrete 
nature of monaiity counts and is therefore more 
appropriate than the standard time-series methods, 
which assume that the observations are continuous. 
MATERIAL AND METHODS 
A statutory requirement exists in South Africa for all 
unnatural deaths to be subjected t0 a necropsy ex-
• Actuana! Science Section. Department of Busines, Science, Univer-
s1t, of Cape Town. Rondebosch 7700. South Africa. 
Forensic Medicine and Toxicoiogy, University of Cape Town 
Medical Schoo!. Observaton 7925. South Africa. 
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amination. Over 95 07o of the cases of unnatural death 
occurring in metropolitan Cape Town are admitted to 
the Salt River State Mortuary. (The remainder. ad-
mitted tO a smaller mortuary, are thought not to differ 
materially in relevant respects. l The records of all 
homicides and suicides admitted to the Salt River mor-
tuary were extracted for the period 1 January 1986-31 
December 1991. Cause-of-death information was ob-
tained from the accompanying police record and the 
homicides and suicides were di\·ided into four cate-
gories (International Classificarion of Diseases, 9th 
Rei·ision, Clinical Modification) (ICD-9-CM): firearm 
homicides (E965.0-E965.4): non-firearm homicides 
(E960-E964 or E965.5-E969J: firearm suicides 
(E955.0-E955.4): and non-firearm suicides (E950-
E954 and E955.5-E959). J\;ecropsy examinations 
follow a detailed and complete protocol. making 
misclassification of actual medical cause of death 
unlikely. However, a possible source of bias may be 
the classification of a homicide as a suicide or as an ac-
cidental death. Deaths recorded as due to law enforce-
ment action (2.4% of all homicides) were excluded, as 
were a very small number of cases in which a history 
was unavailable (e.g. decomposed bodies and skeletal 
remains). The data on individual cases were used to 
derive four separate 313-week time series of counts, of 
which those relating to firearm homicides and firearm 
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FIGLRE 2 Heekh counr, or.firearm sutcides. 198(,-/99/ 
Three characteristics of these data are worth noting. 
Firstly, they are in the form of rime series, and it may 
therefore not be appropriate to apply the common 
statistical methods which rely on the assumption that 
the obsen·arions are independent. It may be necessary 
instead to use rime-series models and methods, which 
allow for serial dependence in the obser\'ations. 
Secondly, the obser\'ations. being counts. are discrete-
\'alued. Thirdly, many of the counts of firearm 
homicides and firearm suicides are \'ery small. All of 
these characteristics are rele\'ant to our choice of 
models for the quantities of interest, namely the pro-
portions of homicides and suicides that involved 
firearms. Before describing the models chosen, 
however, we present some background information on 
time-series methods. especially as they apply to 
discrete data such as those under discussion here. 
Most of the applications of time-series methodology 
that have appeared in the medical literature are based 
on ·autoregressive mo\'ing a\·erage models' and the 
techniques commonly associated with the names of 
Box and Jenkins, described very fully by those authors 
in their textbook. 9 For a useful discussion of such 
methods in the context of epidemiology, see Helfen-
stein, w and for some applications see Helfenstein et 
al., 11 Haines el al. i: and the references appearing in 
Helfenstein. 10 An example of this approach in the field 
of firearm-related violence is to be found in the work 
of Loftin el al. 1' describing the benefits of restrictive 
gun control legislation in the District of Columbia . 
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One criticism to which this 'Box-Jenkins' approach is 
open is that the models, being based on a continuous 
probability distribution-the normal-are not entirely 
appropriate to discrete data. Sometimes this distinc-
tion between discrete and continuous is unimportant, 
because the counts are large enough to justify treating 
them as if they were continuous quantities. When one 
is dealing with small counts. howe\·er, it is advisable to 
use models and techniques which are designed speci-
fically for discrete observations. An example of such 
work, relating to monthly numbers of cases of polio-
myelitis in the US in the years 1910-1983, is due to 
Zeger. 14 Furthermore there are applications in which, 
although the counts are large and can for certain pur-
poses be treated as continuous, there are important 
questions of interest which cannot be answered by the 
• standard ·normal-theory' techniques. An application 
of this kind, to monthly counts of births at Edendale 
Hospital in South Africa, has been described by 
MacDonald. 15 
A class of models that seem to be very useful as 
general purpose models for discrete-valued time series 
is the 'hidden Markov' models. These have been used 
'for some time in automatic speech recognition applica-
tions, 16 and more recently have been applied (inrer 
alia) to daily rainfall data, i- time series of epileptic 
·• seizure counts is and the movements of a lamb in 
urero. 19 As a class of practical statistical models their 
great advantage is their flexibility and usefulness for a 
"'wide range of types of discrete-valued time-series data: 
unbounded counts. bounded counts. categorical data, 
univariate and multivariate observations and data 
., displaying trend or seasonality can all be represented 
by hidden Markov models. A detailed discussion of 
these and other time-series models for discrete data 
.. will appear in a forthcoming book. :o 
A simple example of a hidden \Iarko\· model useful 
in the present context is as follows. Suppose that there 
., are n I homicides in week!. Suppose that the number of 
firearm homicides in that week is distributed as a 
binomial random variable with parameters n I and p I if 
.. some underlying process is in state 1. and parameters 
n I and P: if that process is in state 2. The underlying 
two-state process. which is assumed to be unobserved, 
is taken to be a Marko\· chain. (A. Markov chain mav 
"'be described informally as a discrete-valued rando~ 
process such that. conditional on the present, the past 
and future are independent. For a discussion of 
• Markov chains, see for instance Grimmett and Stir-
zaker. 21 ) This Markov chain is the link between the 
successive observations, in the sense that it introduces 
•serial dependence in the observation sequence. In some 
applications of hidden Markov models the states of the 
• 
underlying Markov chain may have, or may turn out 
to have, a useful substantive interpretation. That is. 
they may have a definite interpretation in terms of the 
subject matter of the application concerned. Even if 
the models are not substantive ones. however. they 
may nevertheless be very useful as empirical ones not 
based on any specific subject matter considerations. 
This is true, for instance, of the standard auto-
regressive moving average models commonly used for 
continuous-valued time series: they are most often 
used as empirical models, but are no less valuable for 
that. (We use the terms 'empirical model' and ·sub-
stantive model' in the sense used bv Cox. 22) 
It is also possible to build a time trend or change 
point into such a model, simply by allowing the proba-
bilities p 
I 
and p 2 to depend on the time parameter t. 
For instance, a smooth logistic-linear time trend in the 





= ai + bt. 
\fore precisely, this allows for the same trend in the 
two states, whereas the following assumption allows 










If on the other hand it is suspected that the proba-
bilities p; and p: undergo a discrete shift at some time 
point, one can set p I equal to one \·alue before that 
change point and a different value afterward. and 
similarly p :· 
Models can be fitted (i.e. parameters estimated) 
fairly routinely by maximum likelihood provided that 
suitable optimization software is available, but it is not 
feasible to do the computations by hand. Given 
competing hidden Marko\· (or other) models. model 
selection may be performed by minimizing Akaike's 
information criterion (AIC) 23 or the Bayesian infor-
mation criterion (BIC) of Schwarz. 
21 Some mathe-
matical details of the models used are presented in an 
Appendix. 
RESCLTS 
The methodology described abO\e was applied to 
modelling the number of firearm homicides as a pro-
portion of all homicides, and similarly the number of 
firearm suicides as a proportion of all suicides. Time-
series plots of these two proportions are displayed in 
Figures 3 and 4. Since in some weeks there were no 
suicides at all, there a·re observations missing from the 
latter o}eries. Fortunately it is straightforward to allow 
for missing data in fitting hidden t\larkov models, and 
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FIGLRE 4 Firearm suicides as a propomon or ali suicides. /9R6-!99!. (\ega1ivc 1·alues indica1c no suicides in thar week! 
Four types of two-state hidden Marko, model were 
fitted in each case: a model with constant probabilities 
p 1 and p 2 of death being due to a firearm. a model with 
a linear time trend (the same for the two states) in the 
logits of those probabilities. a model allowing the time-
trend parameter to differ between states. and finally a 
model which assumes that the probabilities p 1 and p: 
are piecewise constant, with a change point at the end 
of week 287. i.e. on 2 July 1991. The time of the 
change point was chosen because of the known up-
surge of violence in metropolitan Cape Town during 
the second half of 1991. The models were compared on 
the basis of A.IC and BIC. The results are shown in 
Tables I and 2, with / denoting the maximized log 
likelihood. 
In the case of the homicides the conclusion from 
BIC is that a single (upward) time trend is better than 
either no trend or two trend parameters, but that the 
model with a change point is the best of the four. The 
conclusion in respect of the suicides is that the model 
with constant p 1 and p: is best. The hidden Marko\' 
models chosen for the two proportions are in detail as 
follows. For the firearm homicides the Marko, chain 
has transition probability matrix 
(o.695 o.305) 
\o.2s3 o.717 
and stationary distribution (0.481 0.519). The proba-
bilities p 1 and P: are given by (0.060 0.140) up to 2 July 
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TABLE I Comparison of various hidden .\1arkov models for firearm 
homicides as a proporrion of all homicides 
Model with: No. -I AIC BIC
 
parameiers 
p 1 and P: cons1an1 
4 590. -5 1189.5 1204.5 
one time-trend parameter 5 585.59 11 S 1.2 1199.9 
two trend parameters 6 583. 98 1180.0 1202.4 
change-point at 2 July 1991 
6. 575.04 1162. l 1184.6 
T-'.BLE 2 Comparison of ,·arious hidden .\farko,· models for firearm 
suicides as a proporrion of all suicides 
\'lode! with: No. -I A!C BIC 
parameters 
P1 and P: constant 4 289. 93 58~.86 602.84 
one time-trend parameter 5 289 .22 5S8.45 607.18 
two trend parameters 6 288.30 588.6! 611.09 
change-point at 2 July 199 I 6 289.21 590.42 612.90 
• 1991. and by (0.143 0.183) thereafter. The uncondi-
tional probability that a homicide in\'Olved the use of a 
firearm is therefore 0.102 before the change point, and 
0.216 thereafter. For the firearm suicides. the transi-
tion probability matrix is 
/o.854 0.146\ 
\0.117 0.883) 
and the stationary distribution is (0.446 0.554). The 
probabilities p 1 and p, are given by (0.186 0.333). and 
" the unconditional probability that a suicide involves a 
firearm is 0.267. 
A question not considered above, however, is 
"' whether time-series models are needed at all. Is it not 
perhaps sufficient to fit a model which assumes 
stochastic independence of the consecutive observa-
.. tions. but is otherwise identical to one of the time-
series models described above? ~fore explicitly, such a 
model consists of a sequence of independenr binomial 
'" random variables with known number(n ,) of trials at 
time r and ·success probability' p which either is con-
stant with respect to r, or has a logistic-linear time 
• trend. or has a change point at 2 July 1991. Models of 
this type were therefore fitted by maximum likelihood 
both to the firearm homicides as a proportion of all 
.. homicides, and to the firearm suicides as a proportion 
of all suicides. The comparison of models was per-
formed, as before, on the basis of the criteria AIC and 
BIC. The results are presented in Tables 3 and 4, in .. 
which the parameter p represents the probability that a 
death involves a firearm. 
.. 
T.-'.BLE 3 Comparison of various 'independence· models for firearm 
homicides as a proporrion of all homicides 
\lode! with: No. -I AIC BIC 
parameiers 
p cons1an1 637.46 1276.9 12so.-
time-trend in p 2 61~.so 1239.6 L:'4-.l 
change-point at 2 July 1991 ' 590.60 1185.2 119:.--
T -'.BLE 4 Comparison of various 'independence· models for r1rearm 
suicides as a proporrion of all suicides 
\lode! with: No. -I A!C BlC 
parameters 
p constant 291. J ~ 584.33 588.08 
time-trend in p 2 290.28 584.55 592.04 
change-point at 2 July 1991 2 291.04 586.09 593.58 
The conclusions that may be drawn from these 
models are as follows. For the homicides, the models 
based on independence are without exception clearly 
inferior to the corresponding hidden Marko\ time 
series models. There is sufficient serial dependence 
present in the proportion of the homicides invoh·ing a 
firearm to render inappropriate any analysis based on 
an a·ssumption of independence. For the suicides the 
situation is reversed: the models based on in-
dependence are in general superior. There is in this 
case no evidence of serial dependence. and time-series 
models do not appear to be necessary. The 'best' 
model based on independence assigns a constant value 
(0.268) to the probability that a suicide involves the use 
of a firearm. This is quite consistent with the conclu-
sion about this probability which was drawn from the 
chosen hidden Markov model. 
To summarize, therefore, we may say that the pro-
portion of homicides that involve firearms does indeed 
seem to be at a higher level after June 1991, but that 
there is no evidence of a similar upward shift (or trend) 
in respect of the proportion of the suicides that in\'Olve 
firearms. There is evidence of serial dependence in the 
proportion of homicides that involve firearms. but not 
in the corresponding proportion of suicides . 
DISCCSSION 
The finding of serial dependence in the proportion of 
homicides (but not suicides) that involve firearms 
suggests that in the case of the homicides there are 
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cause persistence in violence involving firearms. It 
seems unlikely that there would be similar tendencies 
resulting in persistence in the level of firearm suicides, 
and this is borne out by the apparent absence of serial 
dependence in that case. 
Increased legal and illegal availability of firearms 
contributes to higher levels of homicides, as the case-
fatality rate substantially exceeds that of other 
modalities of interpersonal \'iolence. ::-s.]o During 1991 a 
bitter struggle occurred between rival taxi organiza-
tions for control of lucrative transport routes from the 
townships of metropolitan Cape Town. Extensive use 
of illegal weapons, including sub-machine guns and 
high-velocity rifles, was responsible for numerous 
deaths.:--.:-, The lack of an increase in the proportion of 
suicides due to firearms is interesting in view of studies 
which suggest that suicide rates among white South 
Africans have remained stable. :'Q As almost all legal in-
dividual gun ownership is concentrated in the white 
population, this group accounts for almost all the 
firearm suicides, and these findings should be seen in 
the light of the controversy concerning the effects of a 
prolonged economic recession and political turmoil on 
homicide and suicide rates. 3c, 
\Ve believe the potential usefulness of the time-series 
models exemplified here extends far beyond. the 
present application, to a \'ariety of epidemiological 
time series. Many such series are by their very nature 
discrete. e.g. daily counts of epileptic seizures in a 
single patient, or weekly disease notifications. Hid~en 
Markov models prO\·ide a unified approach to the 
analysis of such discrete-valued series that may be ap-
propriate when the standard normal-theory time-series 
methods are entirely inappropriate-as is the case 
when one is dealing with very small counts. Further-
more, the ease with which time trends or change points 
can be incorporated into a hidden MarkO\ model adds 
to the utility of these models in a public health context: 
trends in obsenations may be identified. and the 
effects of interventions assessed. 
Hidden Marko\ models may be of fairly general use 
in the study of firearm-related violence, a problem 
which is causing growing international concern. In the 
US, a system of continued surveillance has been pro-
posed in order to provide policy makers with accurate 
information on the increasing use of firearms. 3, In less 
developed countries such as South Africa the diffi-
culties of maintaining national information systems 
make it necessary to use sentinel surveillance sites. 3=' In 
this context the methods we have described here seem 
particularly applicable because of the occurrence of 
small counts and the importance of assessing the 
effects of interventions. 
It will not always be possible to place a useful 
substantive interpretation on the states of the Markov 
chain in a hidden Markov model, but this does not 
detract in any way from the value of such models as 
empirical models. However, there may well be applica-
tions where a useful interpretation emerges from the 
modelling process, and thereby contributes to our fun-
damental understanding of the process generating the 
data. 
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.. APPI:NDIX 
In this Appendix we present some mathematical details 
of the models and model selection criteria used, and 




: t E Nl be a stationary homogeneous ir-
reducible Markov chain on state-space 11,2, .... ml, 
with transition probability matrix r = (y;) and sta-
tionary distribution the row vector 8. We suppose 
that, conditional on ! C), the observations !S ,l are 
mutually independent and, if C1 = i, the conditional 
distribution of S I is binomial with parameters n 1 
(known) and pi' Such a model [S) has m 2 parameters: 
them 'success probabilities' p 1, and m=-m of the tran-
sition probabilities Yu, e.g. the off-diagonal elements 
of r. 
With these assumptions ir may be shown that the 
likelihood of a sequence of T consecutive observations 
s1, s2, .. . , sTis given by the following expression: 
L = 8i.(s 1)fA(s 2)[ ... fA(S T)l. 
(Here I is a column vector of ones and f.(s) is them x 
m diagonal matrix with ith diagonal element the 
binomial probability (;:)p(~IJ-p )n1-51.) Direct numerical 
maximization of the likelihood with respect to the m 2 
parameters (subject. if m > 2, to generalized upper 
bound constraints on the transition probabilities) 
yields estimates of the parameters. In this work the 
routine E04UCF in the NAG Fortran Library 3' was 
used to perform the optimizations. 
Incorporation of a time rrend or change point into 
the probabilities p is straightforward. If for instance 
one assumes that the same (logistic-linear) time-trend 
applies in all m states, the constant probability P. is 
replaced by 1pi, where logit ,P, = a, - bt. Otherwise 
the likelihood computation proceeds as before. and 
direct numerical maximization of the likelihood 1s 
again feasible as a means of parameter estimation. 
The model selection criteria AIC and BIC are 
given by 
AIC -2/ _.;._ 2k 
and 
BIC = -2/ -;- klogJ. 
where / is the maximized log likelihood. k is the 
number of parameters, and Tis (as above) the number 
of observations. Except when logJ < 2, BIC will 
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Abstract 
The almost exclusive media focus on political violence in South Africa has deflected atten-
tion from the high levels of interpersonal violence in areas of socioeconomic deprivation. In 
order to explore the tension between an at-risk community's perspective and the current 
reality of violence against women. imaginary constructions of their own violent death produc-
ed by 45 African female interview respondents were examined in conjunction with forensic 
data relating to 73 African female homicide victims in Cape Town. South Africa. The pro-
totypical account of an imagined homicide involved a female commuter being approached by 
a group of men. taunted and assaulted. raped and then killed. The majority of actual homi-
cides occurred at or in the vicinity of the residence of the victim. with the attacker being 
known to the deceased. Whilst only 1 of the imagined homicide narratives depicted the use 
of alcohol by the victim. over half the actual homicides had elevated postmortem blood 
alcohol levels. These and other disjunctions and convergencies between lay and forensic con-
structions of violent female death should be viewed in the wider context of enmeshment in 
social circumstance. and could provide some understanding of how at-risk communities 
perceive violence against women. thereby providing a foundation for appropriate prevention 
programmes. 
Key 1rords: Violence: Women: Homicide: Interpersonal violence: Alcohol: Discourse analysis 
* Corresponding author . 
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1. Introduction 
Increasing attention is being paid to interpersonal violence as a public health 
priority in the developing world [1]. In South Africa, seemingly interminable politi-
cal and factional violence [2] should be viewed against the backdrop of unacceptable 
levels of premature death due to injury [3] and endemic interpersonal violence [4,5). 
As this interpersonal violence is rooted in poverty and deprivation [6,7), the key to 
its attenuation may therefore lie in massive socioeconomic and political transforma-
tion. These, however, are long term objectives and public health professionals are 
faced in the short term with the need to provide appropriate interventions in particu-
lar at-risk populations [8]. These interventions should be designed for specific 
groups, such as women [9.10), where multiple burdens of racial, social and sexual 
oppression [5, 11-13) trap victims, potential victims and perpetrators in a complex 
mix of structural and psychological dynamics that render such violence resistant to 
social and political change. 
To design appropriate and acceptable interventions it may be important to take 
into account not only the existing body of descriptive epidemiological data 
[4.5, 11-13) or population perspective on violence against women. but also individu-
al perspectives. This has been described by Jeffery as providing ·a way to translate 
epidemiologic findings into terms that are salient to individuals' and is based on the 
public health utility of exploring the difference between population perspectives 
(based on epidemiological data) and individual perspectives (based on personal 
estimates of risk) of risk factors and ·unhealthy" behaviour [14]. A particular prob-
lem such as violence against women may from the population perspective be regard-
ed as an urgent public health priority. wherea~ the individual woman may see the 
odds of her avoiding this problem as stacked in her favour - with or without behav-
iour change. The disjunctions between the two perspectives may cause information, 
which from the population perspective appears salient to prevention. to appear ir-
relevant from the individual perspective. It is this tension that requires articulation 
in the case of particular populations and this paper aims to contrast imaginary con-
structions of fatal violence against women (individual perspectives) with forensic 
data on actual homicides (population perspectives) in Cape Town. South Africa. and 
to explore the implications of this juxtaposition for violence prevention . 
2. Subjects and methods 
2.1 Imaginary constructions of female homicide ( the individual perspective J 
Fifty African 1 women (median age 27.7 years) were interviewed during February. 
1992. at a major railway station in Cape Town. They were two female African medi-
cal students who had spent a period training in reflexive interviewing techniques. 
They were instructed to approach all African women waiting on the platform and 
1 Disparities in socioeconomic and health status in South Africa are strongly linked to legally defined 
racial categories. As (until recently) official terminology made use of the terms white. black. asian and 
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request an interview with the statement that they were doing research into what 
women thought about violence and that all responses would be totally anonymous. 
Interviewees who assented were then asked: 'Imagine vou were to die violently at the 
hands of another person, can you tell me how it will happen?· The response, in the 
home language of the interviewee, was tape recorded and thereafter transcribed and 
translated into English. The interviews were conducted in the late afternoon with 
almost all the respondents being on their way home from work. Of 62 women ap-
proached, 50 agreed to be interviewed. with the majority of those refusing claiming 
that they did not have sufficient time for the interview. Five interviews were not in-
cluded in the analysis due to technical problems relating to the quality of the tape 
recording. 
The type of story elicited from respondents is illustrated by the following example: 
My boyfriend and I were coming from a New Year's eve festival in the morning. In the street three 
guys came and started quarrelling with my boyfriend. They stabbed him and took his money. Then 
they raped me on the side of the road before killing me too (Respondent 40). 
To analyse and compare both the content and structure of the 45 narratives. the 
following procedure was adopted. Each individual narrative was read as a story 
composed of discreet but related elements through which the plot unfolds to con-
struct a scenario of violent death. The example presented above commences by set-
ting the scene through a description of the context in which the attack will occur -
it is New Year·s eve and the victim is with her boyfriend. This is the first element 
of the plot. Then. the narrator introduces an element of potential threat as 'three 
guys' approach - this is the second element. The third element consists of pro-
vocative verbal and physical actions - quarrelling followed by stabbing. robbery 
and rape - that confirm that this will be a violent episode and transform the 'three 
guys· from neutral strangers into aggressors. Finally. the fourth element consists of 
the homicide itself, in this case referred to simply as 'killing· by the narrator. 
By analysing each story in this way. all these elements were extracted from the 
stories. grouped according to their positioning within the stories. and these groups 
were labelled with headings and sub-headings that capture the essence of their con-
tribution to the plot 2. This structured collection of narrative elements used by the 
respondents to construct their stories of imaginary death is known as a "discursive 
repertoire·. and is used in discourse analysis to identify the 'building blocks· avail-
able to individuals speaking or writing in particular domains about particular topics 
[ 15). 
2.2 Forensic data from actual female homicides r the popular ion perspecrivc ! 
A sample of 73 African homicide victims (median age 29.5 years) was extracted 
from a detailed study of female homicide in metropolitan Cape Town between 
January 1990 and July 1991 [5]. The information obtained from the postmortem 
records was supplemented with a study of the police reports. This sample 
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represented over 95% of the African female homicides that were investigated in 
metropolitan Cape Town during these 18 months and reflects the intensity of vio-
lence in specific residential areas. Blood alcohol concentrations (BACs) were avail-
able for 60 (82%) of the homicides and these are illustrated together with type of 
death in Table 1. 
3. Results and discussion 
'It was as if a female death could he entrusted only to words; that only words 
could see it through.' (Nicole Loraux) [ 16] 
3.1 Imaginary constructions of female homicide 
The repertoire of events produced through the extraction and labelling of the ele-
ments present in the 45 stories is presented in Table 2. Inspection of this table shows 
that it was possible to classify the elements under four main headings. each represen-
ting a distinct phase in the homicidal process. 
The first phase was labelled 'Incipient Context' and consisted of scene-setting ele-
ments that suggest the type of incident which was to follow. Within the phase, ele-
ments suggesting that they would be ·mugged' (in particular while commuting to a 
legitimate destination such as work, the shops, or home) were just over twice as com-
mon as those suggesting that they wouid be killed in the course of domestic conflict, 
political or criminal violence. or ·mayhem·. 
The second phase was labelled 'Becoming Conspicuous· as it consisted of elements 
whereby respondents portrayed processes through which the woman was singled out 
for attack or came to attention as a potential victim. Two sub-categories of elements 
were particularly prominent, being those where the victim is approached by a group, 
and those where she met an individual (usually a stranger). Scenarios where the vic-
tim came to prominence while witnessing a fight or robbery in progress were also 
quite common. 
The third phase. labelled 'Provocation and Pacification·. consisted of a clearly 
defined collection of verbal and non-verbal actions that impelled the encounter be-
tween victim and aggressor into a physically violent confrontation. Here, non-verbal 
and verbal provocation by the aggressor appeared most frequently. On the part of 
Table 1 
African female homicides by recorded blood alcohol concentration and type of death. January L 
1990-June 30, 1991 [5] 
BAC Sharp homicide Blunt homicide Firearm homicide 
(g/100 ml) 
0.00 15 5 10 
0.01-0.09 2 0 0 
0.10-0.19 2 s I 
0.20-0.29 11 4 0 
>0.30 4 0 
... 
Table 2 
The homicide repertoire. with frequency of element occurrence (in parentheses) 
I. Incipient context a 
Mugging (22) 
Aa. Robbery (4) 
Ab. Narrator journeying to legit. des tin. ( 18) 
Domestic tension ( 13) 
Af. Sibling rivalry (3) 
Ag. Lovers1spouses · tiff ( 3) 
Ah. Sexual jealousy (6) 
Ai. Family feud (I) 
2. Becoming comspicuous 
Approached by group ( 12) 
Ba. On street ( 11) 
Bb. Enter house (I) 
Group loyaltym1embership (3) 
Bf. Ethnic affiliation question (I) 
Bg. Group loyalty challenged (I) 
Bh. Suspected informant (I) 
Narrator approaches (2) 
Bk. Offers charity (I) 
Bl. Drunkenly greets ( 11 
3. Provocation and pacification 
Aggressor prorocation (79) 
Verbal (30) 
Ca. Interrogatory questioning 141 
Cb. Lewd proposition (5) 
Cc. Demand (51 
Cd. Threaten to kill uniess ... ( 31 
Ce. Accuse (9) 
Cf. Abuseidemean (3) 
Cg. Lure out (I) 
Narrator prorncation ( 141 
Verbal (6) 
Ga. Refuse to talk (3) 
Gb. Fail to understand (]) 
Ge. Intervene (2) 
Narrator pac£fication ( 181 
Verbal (12) 
Ia. Answer (4) 
lb. Explain (3) 
le. Cry for help (5) 
4. Killing 
.lliarra/Or (45) 
La. Stabbed ( 16) 
Lb. Blunt force (5) 
Le. Shot (8) 
Ld. 'Killed· (13) 
Le. Petrol bombed (I) 
Lf. Thrown from train ( I) 
Lg. Strangled (I) 
Mayhem (10) 
Ac. Tranquil at home (5) 
Ad. At club/shebeen (4) 
Ae. At school (I) 
Criminal/Political (9) 
Aj. Gangland (4) 
Ak. Taxi war (2) 
Al. Assasination (I) 
Am. Racial/political intolerance (2) 
Meet individual (13) 
Be. Meet stranger (8) 
Be. Meet ex-lover/rival (5) 
A 1·oidance ( I ) 
Bi. Avoid conOict ( I l 
Killer sees money (2) 
Bj. Looks at victim ·s purse (2) 
Narra/Or ll'itnesses (8) 
Bm. Quarrel/fight (7) 
Bn. Break-in (I) 
/Von-rerhal (49) 
Da. Rob victim (3) 
Db. Reveal weapon ( 4) 
De. Beat up (10) 
Dd. Circle 1follow (6) 
De. Manhandle (8) 
Df. Rape (91 
Dg. Forcibly enter victim's dwelling (5J 
Dh. Abduct (4) 
1"ion-rerbal (8) 
Ha. Identify attacker (3) 
Hb. Struggle against (3) 
He. Ignore (2) 
/\'011-rerhal ( 7) 
Ja. Attempt escape ( 5 l 
Jb. Keep still (I) 
Jc. Comply (I) 
Aggressor 
- - -Empty- - -
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victims, the most commonly imagined actions in this phase were verbal attempts to 
pacify the aggressor. although a number of provocative actions by the victim were 
also depicted. 
The final phase. 'Killing·. described the homicide itself, and in it stabbing was the 
most frequently imagined type of force resulting in death, followed by unspecified 
'killing', shooting and blunt force. 
To summarise these findings. the dominant scenario shaping womens' imaginary 
perspectives of violent death is displayed in the form of a 'narrative signature· com-
posed by plotting the most common sequences between the phases of attack and 
groups of elements within each phase (Fig. 1 ). 
Fig. 1 shows that the most commonly imagined scenario was one in which a 
woman on her way to or from a legitimate destination was either approached by a 
group or met an individual. Following this. the stories converge around clusters of 
provocatory and pacificatory actions. with verbal provocation by the attacker and 
verbal attempts at pacification on the victim's part preceding non-verbal aggressor 
and victim actions such as physical abuse and attempts to fight back that were 
immediate precursors to the killing. 
3.1.1. Conrrasring imaginary and real female homicide 
In the absence of comprehensive information including the testimony of witnesses 
and suspected perpetrators. forensic da-ta of actual homicide victims cannot recons-
truct the homicidal process with anything approaching the rich detail produced 
through the analysis of imaginary accounts. However. in the present study. examina-
tion of 73 actual female homicide victims coupled with scrutiny of the largely impov-
erished police records available for each ·victim. did yield some idea of the events 
preceding death. These data are now reported in tandem with a comparison between 
them and the imaginary accounts. which revealed the following divergences and 
convergenc1es. 
In contrast to the dominant image in the imaginary accounts of a woman being 
raped and then killed while commuting. police data records the homicidal incidents 
in 86°/ci of the actual cases as occurring at or in close proximity to the victims· homes . 
For over 50% of actual cases. the perpetrator was recorded as being someone inti-
mately acquainted with or well known to the victim. while only 13 out of 45 (29%) 
of the imagined incidents depicted the aggressor as a spouse. Jover or acquaintance. 
A major disjunction was also seen with respect to the role of alcohol as a proximal 
cause of the events culminating in death. Of the 60 cases in the mortuary sample 
where BACs were obtained. over 50<Yti were elevated [5]. While this would lead one 
to expect alcohol being accorded a prominent role in imaginary accounts. this was 
not the case. Only a single respondent depicted her own consumption of alcohol as 
contributing to the generation of a homicidal context: 
It was the festive season and I was in a very happy mood. so I had gone down to the local shebeen 
(tavern) to enjoy myself and I had quite a lot to drink. I was sitting with this other guy who was my 
friend from another place. Then my boyfriend with whom I have a child. came there and didn "t ask 
any questions. He assumed that it was my boyfriend that I was sitting with. so he grabbed me from 
there. he started hitting me with the handle of a pick axe. and then he damaged my brain and I died 































Fig. I. Narrative signature, 45 accounts of imagined female homicide (line thickness corresponds to 
frequency of path occurrence). 
A further two stories refer to the attacker's alcoholism. although in both cases he 
is depicted as sober at the time of the killing. while two more imaginary homicides 
occur after parties or visits to shebeens - contexts in which it must be assumed 
drinking takes place . 
While the divergence between imagined and forensically reconstructed scenarios 
of female homicide outweighed points of agreement, there were three areas of con-
vergence. The first concerned the violent interaction between aggressor and victim 
immediately preceding death, with the manhandling and physical abuse which was 
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53% of the mortuary sample having multiple wounds on their bodies. The second 
concerned the rape of victims prior to death, with police data referring to this 
possibility in 18% of the mortuary sample, while rape and attempted rape was 
depicted in 20% of the imaginary accounts. The third relates to the type of force 
resulting in death, with both imaginary accounts and forensic records (Table I) 
agreeing on the predominance of sharp force. 
When these points of divergence and convergence are considered together, it is evi-
dent that the divergences cluster around the circumstance and personal actions that 
put a women at risk for entering a violent situation - place of injury, relationship 
with attacker and the role of alcohol. In contrast, the convergencies concern the 
physical abuse. possible rape, and use of sharp force that precede a killing - all 
concrete actions that unfold once a violent situation has been entered. 
3.1.2 Limitations of this study 
Interviewees were mostly employed commuters who may not represent the same 
sample base from which the actual homicides were drawn. Sampling bias of the 
actual interviewees was limited due to the high response rate, although it must be 
noted that the venue (a railway station) may have influenced the responses. How-
ever, commuter attack scenarios were equally prominent in a sample of imaginary 
accounts of non-fatal violence drawn from male and female residents of Soweto who 
were interviewed at home (Butchart a~d Terre Blanche, unpublished data). This sug-
gests it is unlikely that the site of interview exerted a significant influence upon nar-
rative content. Another limitation is that the attempt to contrast imaginary and 
actual incidents may be problematic in that it poses a question concerning a fatal 
attack to interviewees for whom non-fatal violence against women would be a more 
relevant issue. · · 
It may, therefore, be appropriate in similar studies to vary the way in which the 
interviews are conducted. For instance. women who are first asked to talk about 
non-fatal violence may be more willing to countenance husbands and boyfriends in 
the role of perpetrators than those who are asked at the outset to imagine deadly 
violence. Further, asking respondents to imagine a violent incident involving 'a 
woman' as opposed to the respondent herself could reduce the level of psychological 
threat and defensiveness associated with talking about such dangers in the first per-
son ('I'). However. this latter strategy is problematic. in so far as it invites the 
tendency to attribute risks to others but not to oneself, identified by Taylor and 
Brown [27] as one of the mechanisms by which people maintain a positive sense of 
psychological well-being . 
The forensic data are based on police accounts which are often impoverished and 
possibly biased reflections of the circumstances surrounding a homicidal attack, and, 
as in the case of the imaginary narratives. concentrate exclusively on fatal violence. 
It is unlikely that many non-fatal attacks on women even come to the attention of 
the police in South Africa. and all law enforcement activities in this country should 
be viewed in the broader context of a ·culture of violence· [2]. 
3.1.3 Images and themes offata! violence 
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this invisibility is further increased by the complex psychological dynamics that trap 
battered women in a vicious circle of abuse and reconciliation [ 18]. This inaccessi-
bility may force non-victims to base their beliefs and attitudes on indirect. vicarious 
experiences of interpersonal violence obtained through sources such as rumour, 
gossip and the media. If this is the source of the 'factual' aspects of the narratives. 
then it is likely that the backdrop would reflect the texture of township life. and the 
following section highlights some of the common themes relating to both imagined 
and real fatal violence against women. 
3.2 Perpetrators and victims 
Thirty six of the 45 interview respondents (80%) imagined themselves being killed 
by men. Most of these imaginary accounts did not reflect the reality that attacks 
against women are often carried out by members of family or intimate acquain-
tances, a victim-aggressor relationship closely paralleled in the developed world 
[9,19,20]. Of the seven who imagined that another woman might be the killer, five 
nevertheless accorded pivotal roles to men (boyfriends or husbands). who were 
presented as catalysts of sexual rivalry that culminated in killing. Respondent 31 suc-
cinctly captures the tenor of references to power and gender relationships 
characteristic of almost all the stories: 
If I had to think of being violently attacked. I would think of being violated by men. Maybe a situation 
of being physically violated. being raped and then killed afterwards . 
3.3 Rape 
The large number of stories involving rape suggests that female homicide is exper-
ienced as an element in a wider theme of gender related violence [ I 0.11]. A rape -
kill sequence concluded the story of seven respondents. as in the following examples: 
they raped me - after that they killed me (Respondent 14) 
He just came in. raped me and killed me· (Respondent 24) 
then he raped me and afterwards he killed me· (Respondent 38). 




occurred in quick succession. as in the following story: 
They took me to their house and tied me on the bed and raped me. exchanging me amongst themsehes. 
When the) were finished they shot me to death' (Respondent 47). 
The immediate precursor to the homicide is not. of course. always presented as 
rape, but the weak position of women relative to men is emphasised in a variety of 
other ways. Sexual jealousy on the part of husbands or boyfriends accounted for 
four of the killings. while in other cases women imagined being killed simply as a 
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3.4 Victim precipitation 
Another group of stories depicted scenarios where a man's temper was ignited by 
the victim saying the wrong thing, or by her refusal to respond to his verbal advan-
ces. These male attackers were presented as forcing themselves on women, or as 
bearing grudges for being rejected, and simultaneously believing, as did respondent 
44's imaginary father, 'that he will never be told what to do by a woman'. The term 
'victim precipitation· was created to describe a situation in which the victim was the 
first to use physical force during the fatal confrontation [21]. Large variations exist 
between the proportion of homicides in which victim precipitation is thought to play 
a role [21.22] and little information is available on the role of verbal provocation 
by the victim. 
3.5 Types of violence 
The method of fatal attack may reflect the types of violence that predominate in 
a particular society [5,19]. In the case of Cape Town, knives are the most commonly 
used weapons in violent attacks [5], although the increasing availability and use of 
firearms may result in higher mortality associated with family and intimate assault 
[23]. 
3.6 Alcohol 
A clear association exists between alcohol consumption and interpersonal violence 
[24]. It can be hypothesised that the relative exclusion of alcohol consumption from 
the imaginary accounts expresses a reluctance to present oneself as given to drinking. 
This may be due to ·flawed· personal constructions of violence that blame the intox-
icated victim [25]. and the sociocultural complexities of alcohol use [26]. which in-
clude the tendency of entertainment and advertising to romanticise the effects of 
alcohol and mask its negative associations [14]. 
3. 7 Disempowerment and social enmeshment 
Pervasive female disempowerment would appear to be modulated in its expression 
by regional and socioeconomic specifics. In this study these included entrapment in 
the endemic violence of poverty [11, 12] as articulated by the expectation of eight 
women that they would be killed as consequence of being able to identify criminals. 
For example: 
The thing which caused them to kill me was because they saw that I could recognise one of them 
because I called his name (Respondent 16) 
When they saw that I had seen them. they just shot me ( Respondent 31) 
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A further three women imagined that homicide might follow from being identified 
(albeit mistakenly in one instance) as criminals or associates of criminals: 
This person had been sent to kill someone. and when they are going on an assassination they killed 
the wrong person - me (Respondent 11) 
and they said it was me who sold her children out with the tsotsies (gangsters)· (Respondent 37) 
In the township there are rumours that my brothers are the ones who are killing people. (Respondent 
42) 
Other stories problematised identity by constructing scenarios where the attacker 
made a point of dragging personal information (such as name and destination) out 
of his victim, and overall the identity issue appears related to the ethos of revenge 
that pervaded many stories. Attackers. although perhaps nominally strangers, sud-
denly reveal themselves as bearing a grudge from some past incident or, alternative-
ly, metamorphose from friends into killers when a past grudge is revealed. 
4. Implications for prevention 
4.1 Regulatory strategies 
Regulatory strategies are most effective ·when the risk behaviours of many in-
dividuals have a common pathway through publicly controllable institutions· [14]. 
Violence against women occurs. for the most part. in domestic settings beyond the 
public eye and at the hands of known -assailants [5, 17]. making it singularly 
unamenable to prevention through regulatory means. 
There is no common pathway through the ·publicly controllable institutions· 
referred to by Jeffery [14] - except through post-hoc action. possibly of limited 
utility. such as the prosecution of perpetrators [9]. If killings were actually most like-
ly to occur while women were commuting to or from work. as the majority of our 
sample imagined. improved security measures on trains and taxis, and in township 
streets, could have a major impact on female homicide (as it may well have for male 
homicide), but the privacy of the domestic setting renders it very difficult to regulate 
the behaviour of perpetrators . 
Alcohol use can to a certain extent be regulated. The large number of informal 
taverns or ·she beens· operating in South Africa ·s townships have increasingly joined 
into larger networks and. for the most part. obtain their liquor from central mer-
chants. thus facilitating regulation through price control [28]. Further. control could 
be exerted over the commercial promotion of alcohol in an attempt to reduce the 
unrealistically positive light in which advertising portrays its use [14]. 
4.2 Educational slralegies 
Educational strategies work best when individuals expect substantial benefits at 
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ual woman, the risk of homicidal death is small, while the personal cost of behaviour 
change to avoid the identified 'risk factors' (being at or near one's home, in the com-
pany of male friends or relatives, drinking) is impossibly high. There may, however, 
be some utility in alerting women to the fact that the real threat comes from men 
who are 'near and dear', rather than from faceless strangers in public places, and to 
point out that they may be at greater risk when drinking. Although avoiding these 
risks is, for the most part, impossible, greater vigilance in such situations could 
increase a woman's safety, an assumption that underlies educational programmes 
aimed at alerting female adolescents to the dangers of 'date rape' [29]. The tendency 
to generalise on the assumption that 'if it hasn't happened to me yet, it probably will 
not (happen to me) in the future' [30], could be highlighted in the area of abusive 
relationships which have not yet resulted in physical violence, and education pro-
gramme to the precursors of violence such as the combination between alcohol and 
verbally provocative behaviour. 
Whatever form educational interventions take, fine-grained information could 
alert women about how women think about the possibility of being killed can pro-
vide invaluable clues on how to structure preventive messages. Besides the factual 
information provided, this study indicated that violence, whether imaginary or real, 
has an element of 'process, narrative or choreography' as the fatal attack unfolds. 
This aspect is especially highlighted by the difference between perceptions and 
realities concerning the circumstances surrounding a fatal attack. The tensions be-
tween the imaginary and factual aspects, such as violence in intimate relationships . 
the role of alcohol and provocatory behaviour combined with the idea that violence 
is not an isolated event but a 'process', yielded a hypothetical foundation for an 
experimental violence prevention programme.· A community-based dance-theatre 
company, Jazzart, was approached with the research material and asked to incor-
porate the salient features of both the imaginary and actual homicide data in a pro-
gramme designed for presentation at various venues including factories, community 
centres and public areas [31,32]. The dance sequences depict both fictitious com-
muter scenarios commonly found in stories about female death and the interpersonal 
violence suggested by forensic evidence, embedding these within the wider context 
of poverty and oppression 3. The success of the intervention in broadening au-
diences' repertoires for thinking about violence against women is currently being 
evaluated using both questionnaires and a methodology similar to that described in 
this paper. 
5. Conclusion 
Imaginary narratives of violent death produce an evocative portrait of a popula-
tion at risk and exposes the violence of everyday life amongst the poor. The present 
study is limited by its use of only one method to collect and analyse individual 
women's perspectives and this exclusive focus on women. furthermore. provides a 
partial view of the problem. and risks blaming the victim. a situation distant from 
3A videotape of the dance-theatre program. 'Women and Violence: Unclenching The Fist'. may be 
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the true determinants of violence against women [5,33]. It is also important to 
acknowledge that a different reading of the fictional accounts (such as from an ex-
plicitly feminist perspective) may well have revealed different and equally important 
common factors. The perceptions of men - both perpetrators and non-perpetrators 
- need to be articulated too. Only once a comprehensive picture is produced that 
merges population and individual perspectives drawn from potential victims and 
aggressors will it be possible to design fully comprehensive prevention strategies. 
Despite these limitations. the present study not only revealed some remarkable 
similarities and important disjunctions between perceptions and realities of female 
homicide. but also emphasised the preventive utility of interpreting epidemiological 
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A PROPOSAL FOR AN INJURY SURVEILLANCE SYSfEM IN SOUTH 
AFRICA. 
Little doubt exists that injury is a disease requiring urgent attention, 
both in the industrialised and developing world. Worldwide, injury 
ranks fifth amongst the leading causes of death and there is a 
growing body of literature on injury as vital public health issue 1,2. 
Prior to examining the broader issues surrounding its surveillance, it is 
important to know what injury is. An injury is physical damage to 
the body resulting mainly from exposure to various forms of energy. 
The term "injury" is often used interchangeably with the term 
"trauma". Unintentional injuries are sometimes ref erred to as 
"accidents", although it is felt that this term should be avoided as it 
leads people to believe that injuries are merely random unfortunate 
events3. Intentional injuries are mainly related to homicide, suicide, 
interpersonal or intergroup violence, sexual assault, torture or 
genocide. 
Very little is known about the incidence and causes of injury in 
developing countries 1. In South Africa, the poor quality and 
inadequacy of local mortality statistics have been described in a 
number of studies4-6, and whilst these studies did not specifically 
concentrate on injury deaths, there is more than sufficient evidence 
that injury is a major cause of mortality in children 7, adolescents8 
and adults5,9. In fact, trauma was the leading cause of death for the 










What is injury surveillance? 
It is necessary to obtain data on injury in order to plan, implement 
and evaluate public health interventions in this field - this in the 
principle of injury surveillance10. An injury surveillance system is 
usually a government or privately maintained system that continually 
or periodically collects data on injuries in order to measure trends, 
detect clusters and identify factors related to injury 11 . Such a 
system should be sustainable over a long period in order to monitor 
the results of any interventions and ensure that information is 
available in order to facilitate timeous changes in policy. 
The uses of injury surveillance include: 
a) Observing changes in demographic and injury patterns 
Trends in the epidemiology of injury in less developed countries have 
resulted in interest in the role of economic development in injury . 
Countries may move from a disease pattern dominated by infectious 
diseases to one characterised by noncommunicable conditions, such as 
heart disease, cancer and injury 12. Rapid urbanisation has extensive 
health consequences 13 and it is often vital to develop innovative 
epidemiological methods to measure health status in areas of growing 
informal settlement. One such method is sentinel surveillance, a part 
of the Rapid Epidemiologic Assessment (REA) methodology to evaluate 
health status and the delivery of health care, mainly in the developing 
world 14. It is based on the principle of collecting good quality data 
using innovative techniques that require minimal resources and allow 









b) Resource allocation decisions 
Decisions often have to be made, with minimal information, in areas 
such as expenditure on emergency medical services, trauma units, 
rehabilitation and prevention. The strengthening of epidemiological 
surveillance is one of the first steps in ensuring that developing 
countries move in the direction of appropriate regulatory and 
promotive strategies to improve health 15. 
c) Recognition of remediable disparities in health status 
We know very little about injury in the developing world and even 
less about those groups at risk of such injury 1. Injury is an important 
women's health issue as high levels of non-fatal injury occur due to 
both domestic 'accidents ,1 5 and interpersonal violence 17. The utility 
of injury surveillance in the field of domestic violence may lie in the 
fact that many cases requiring hospital treatment are not reported to 
the police and, therefore, this problem may escape attention in 
official crime statistics. Certain groups, such as workers, are exposed 
to substantial risk of injury and are generally under-observed by 
health services; hence it is important to highlight occupational and 
agricultural injuries through the use of surveillance systems. An 
example of this problem is in the under-reporting of fatal 
occupational injuries18, due to the lack of a unified occupational 
safety investigation and compensation authority. In the rural areas, 
although it is a notifiable condition, agrichemical poisoning is under-
reported and a lack of information hampers the improvement of the 
health status of farm workers 19. Even in the developed world, 
existing documentary sources for injuries related to agricultural work 













Prevention orientated injury surveillance 
The public health strategy designed to reduce the impact of injury on 
a society is called injury prevention and control. A major part of 
this strategy is the introduction of surveillance systems which are 
designed to promote and monitor injury prevention3. Injury prevention 
often involves the use of regulatory strategies. These strategies are 
most effective when "risk behaviour of many individuals have a 
common pathway through publicly controllable institutions1121 . Areas 
such as alcohol and driving or seat belt use involve substantial law 
enforcement activity and surveillance systems are required to monitor 
the effectiveness of a wide range of interventions. The beneficial 
effects of the introduction of restrictive gun control legislation in the 
District of Columbia were demonstrated using time series data 
available for a substantial period22. An area which has received 
little attention in South Africa is that of injury control through 
passive protection or the modification of hazardous environments 
(primary prevention). Interventions such as the installation of street 
lighting and fencing of highways to reduce fatal pedestrian injuries, or 
the electrification of homes in informal settlement areas require 
evaluation. Educational strategies, such as media campaigns by the 
National Peace Secretariat, require surveillance based monitoring as 
do the deleterious consequences of alcohol advertising and violence in 
the media. 
INJURY SURVEILLANCE IN SOUTH AFRICA 
In South Africa, injury data is collected by a variety of organisations, 
including the police, local authorities and their various departments 
such as ambulance, traffic and fire services, the Workmen's 










discharge summaries, but little effort is made to combine, compare or 
report these records. South Africa may have many of the sources of 
injury information available in the developed world, but in the absence 
of an integrated injury surveillance system, these sources cannot be 
utilised fully. 
Data concerning deaths due to injury form a key element of injury 
surveillance. Prior to the introduction of the new Births and Deaths 
Registration Act ( 1992)23, details of injury deaths could be obtained 
from the vital statistics collected by local authorities or the Central 
Statistical Services. Since the introduction of the new Act, the 
detailed cause of death is not required in the case of External Causes 
and hence the vital statistics will not reflect this information . 
A proposed Injury Surveillance Strategy for South Africa 
The need exists for a South African national sentinel surveillance 
network in order to ameliorate the paucity of morbidity and mortality 
statistics and provide information in order to allocate health 
resources25,26. This priority was recognised by Gear in 1937 who 
called for an effective national 'vital statistics' system27. A proposal 
for a sentinel surveillance network in South Africa is based on the 
establishment of specific sites from which reliable data will be 
collected. It is hoped that these sites will be representative of the 
spectrum of ill-health in the country. Injuries certainly fall within 
the definition of sentinel health events, as they are unnecessary and 
result in untimely death28. 
In order to introduce a pilot injury surveillance system in South 
Africa, it is important to start with a critical review of available 
data sources with recommendations on how they could be improved 











the WHO as a primary area of injury research
24. 
We suggest the formation of a national working group on injury 
surveillance which would attempt to joint together all parties involved 
in the collection of injury related data, such as the police, National 
Road Safety Council, the CSS, government departments and public 
health scientists in a coalition to create a reliable and permanent 
national injury database. 
In the area of non-fatal injury, trauma registries could be established 
at the proposed sentinel surveillance hospitals. A trauma registry 
would provide demographic, injury type and severity information on all 
injury admissions. Ideally, such systems would be based on the 
existing experience in the field, which would include the use of 
personal computers and coding software which are now freely 
available and could, at a later stage, be expanded on a regional 
basis29. Injuries could be coded using the International Classification 
of Diseases E-Codes by nursing or clerical staff following a short 
period of training, as this method appears to be relatively easy and 
requires few extra resources30. The advantages of establishing a 
hospital based trauma registry include the ready availability of 
information for both audit of emergency care and resource allocation 
decisions. The easy availability of data facilitates further research 
using a wide variety of methods, such as case-control studies or 
projects using qualitative methodologies. 
Injury mortality surveillance should be conducted in both the proposed 
sentinel sites and within the large metropolitan areas of South Africa. 
Since all injury deaths are subjected to medico-legal post-mortem 
examination, the various State Mortuaries constitute an ideal site for 
the installation of long-term surveillance systems similar to the 










cities have academic Forensic Medicine departments and it may be 
possible for these departments to be involved in producing detailed 
annual reports on injury mortality which could have far-reaching 
implications in decisions relating to the allocation of resources for 
injury prevention. 
Finally, injury must be included in future health and demographic 
surveys and given a higher level of priority in existing health 
information systems. 
Conclusion 
Despite having a sophisticated economy and infrastructure, South 
Africa falls far behind many countries far less developed than itself 
in the area of providing accurate and timeous information on the 
health status of its population. This fact has negative implications in 
areas such as health care resource allocation and the obtaining of 
international development aid. An urgent need exists for remedial 
action and this must include innovative methods such as sentinel 
surveillance. The measuring of mortality and morbidity, whether due 
to injury or illness, should be regarded as a national priority vital to 
the health of every South African. 
[This paper was produced in collaboration with Dr D Bradshaw of the 
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